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FOREWORD

The work reported herein was sponsored by the National Aeronautics
and Space Administration (NASA), Marshall Space Flight Center (MSFC),
under System 921E, Project 9194.

The results of the tests presented were obtained by ARO, Inc. (a sub-
sidiary of Sverdrup & Parcel and Associates, Inc.), contract operator of
the Arnold Engineering Development Center (AEDC), Air Force Systems
Command (AFSC), Arnold Air Force Station, Tennessee, under Contract
AF40(600)-1200. Program direction was provided by NASA/MSFC;
engineering liaison was provided by North American Rockwell
Corporation, Rocketdyne Division, manufacturer of the J-2 rocket
engine, and McDonnell Douglas Corporation, Douglas Aircraft Company,
Missile and Space Systems Division, manufacturer of the S-IVB stage.
The testing reported herein was conducted on December 14, 1967, in
Propulsion Engine Test Cell (J-4) of the Large Rocket Facility (LRF)
under ARO Project No. KA1801. The manuscript was submitted for
publication on April 11, 1968. .

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S, Government subject to approval of NASA, Marshall Space Flight
Center (I-E-J), Huntsville, Alabama, or higher authority. Private in-
dividuals or firms require a Department of State export license.

This technical report has been reviewed and is approved.

Edgar D. Smith Roy R. Croy, Jr.
Major, USAF Colonel, USAF
AT Representative, LRF Director of Test

Directorate of Test
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ABSTRACT

Five firings of the Rocketdyne J-2 rocket engine were conducted in
Test Cell J-4 of the Large Rocket Facility. The firings were accom-
plished during test period J4-1801-20 at pressure altitudes ranging
from 104, 000 to 112, 000 ft at engine start to evaluate engine starting
characteristics at the minimum main oxidizer valve sequence ramp
limit and reduced fuel pump net positive suction head. These firings
were in support of the S-II vehicle application for Saturn flights AS 502
and AS 503. Engine components were thermally conditioned to predicted
values for the S-II interstage/engine environment. Satisfactory engine
operation was obtained. The accumulated firing duration was 56.22 sec.
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2 engine (S/N's J-2052 and J-2047)
using an S-IVB battleship stage has been in progress since July 1966 at
AEDC in support of the J-2 engine application on the Saturn IB and
Saturn V launch vehicles for the NASA Apollo Program. The five firings
reported herein were conducted during test period J4-1801-20 on
December 14, 1967, in Propulsion Engine Test Cell (J-4) (Figs. 1 and 2,
Appendix I) of the Large Rocket Facility (LRF) to evaluate J-2 engine
S-I1/S-V starting characteristics using: (1) reduced fuel pump net posi-
tive suction head (NPSH) values, (2) a heavier-turbine-wheel configura-
tion oxidizer turbopump, and (3) the main oxidizer valve sequenced at
the minimum S-II ramp limit (1350 T;g
complished at pressure altitudes ranging from 104, 000 to 112, 000 ft
(geometric pressure altitude, Z, Ref. 1) at engine start and with
selected engine components conditioned to predicted S-II interstage/
engine temperatures.

msec). These firings were ac-

This test period concluded a series of J-2 engine S-II/S-V investi-
gations at reduced fuel pump NPSH values using engine S/N J-2047 in
the 225, 000-1bf-thrust configuration. Data collected to accomplish the
test objectives are presented herein. Copies of all data obtained during
this test have been previously supplied to the sponsor, and copies are
on file at AEDC. The results of previous tests conducted November 27
through December 7, 1967 (Tests J4-1801-17, 18, and 19) are presented
in Ref. 2.

SECTION I
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2 rocket engine (Fig. 3) designed and
developed by Rocketdyne Division of North American Rockwell Corpora-
tion. The engine uses liquid oxygen and liquid hydrogen as propellants .
and has a thrust rating of 225, 000 1bf at an oxidizer-to-fuel mixture
ratio of 5.5 An S-IVB battleship stage with flight-type S-IVB stage low
pressure propellant supply ducts was used to supply propellants to the
engine. A schematic of the battleship stage is presented in Fig. 4.
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Listings of major engine components and engine orifices for this
test period are presented in Tables I and II, respectively (Appendix II).
All engine modifications performed since the previous test period are
presented in Table III,

2.1.1 J-2 Rocket Engine

The J-2 rocket engine (Figs. 3 and 5, Ref. 3) features the following
major components:

1.

Thrust Chamber - The tubular-walled, bell-shaped thrust
chamber consists of an 18. 6-in, -diam combustion chamber
(8.0 in. long from the injector mounting to the throat inlet)

with a characteristic length (L*) of 24,6 in., a 170. 4-in.2
throat area, and a divergent nozzle with an expansion ratio of
27.1. Thrust chamber length (from the injector flange to the
nozzle exit) is 107 in. Cooling is accomplished by the circula-
tion of engine fuel flow downward from the fuel manifold through
180 tubes and then upward through 360 tubes to the injector.

Thrust Chamber Injector - The injector is a concentric-orificed
(concentric fuel orifices around the oxidizer post orifices),
porous -faced injector. Fuel and oxidizer injector orifice areas
are 25.0 and 16. 0 in.2, respectively. The porous material,
forming the injector face, allows approximately 3.5 percent of
total fuel flow to transpiration cool the face of the injector.

Augmented Spark Igniter - The augmented spark igniter unit is
mounted on the thrust chamber injector and supplies the initial
energy source to ignite propellants in the main combustion
chamber. The augmented spark igniter chamber is an integral
part of the thrust chamber injector. Fuel and oxidizer are ig-
nited in the combustion area by two spark plugs.

Fuel Turbopump - The turbopump is composed of a two-stage
turbine-stator assembly, an inducer, and a seven-stage axial-
flow pump. The pump is self-lubricated and nominally produces,
at rated conditions, a head rise of 35,517 ft (1225 psia) of liquid
hydrogen at a flow rate of 8414 gpm for a rotor speed of

26, 702 rpm.

Oxidizer Turbopump - The turbopump is composed of a two-
stage turbine-stator assembly and a single-stage centrifugal
pump. The pump is self-lubricated and nominally produces, at
rated conditions, a head rise of 2117 ft (1081 psia) of liquid
oxygen at a flow rate of 2907 gpm for a rotor speed of 8572 rpm.
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11,

12,

13.
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Gas Generator - The gas generator consists of a combustion
chamber containing two spark plugs, a pneumatically operated
control valve containing oxidizer and fuel poppets, and an in-
jector assembly. The oxidizer and fuel poppets provide a fuel
lead to the gas generator combustion chamber. The high energy
gases produced by the gas generator are directed to the fuel
turbine and then to the oxidizer turbine (through the turbine
crossover duct) before being exhausted into the thrust chamber
at an area ratio (A/At) of approximately 11,

Propellant Utilization Valve - The motor-driven propellant
utilization valve is mounted on the oxidizer turbopump and by-
passes liquid oxygen from the discharge to the inlet side of the
pump to vary engine mixture ratio.

Propellant Bleed Valves - The pneumatically operated fuel and
oxidizer bleed valves provide pressure relief for the boiloff of
propellants trapped between the battleship stage prevalves and
main propellant valves at engine shutdown.

Integral Hydrogen Start Tank and Helium Tank - The integral
tanks consist of a 7258-in.3 sphere for hydrogen with a
1000-in.3 sphere for helium located within it. Pressurized
gaseous hydrogen in the start tank provides the initial energy
source for spinning the propellant turbopumps during engine
start., The helium tank provides a helium pressure supply to
the engine pneumatic control system.

Oxidizer Turbine Bypass Valve - The pneumatically actuated
oxidizer turbine bypass valve provides control of the fuel
turbine exhaust gases directed to the oxidizer turbine in order
to control the oxidizer-to-fuel turbine spinup relationship. The
fuel turbine exhaust gases that bypass the oxidizer turbine are
discharged into the thrust chamber.

Main Oxidizer Valve - The main oxidizer valve is a pneumat-
ically actuated, two-stage, butterfly-type valve located in the
oxidizer high pressure duct between the turbopump and the main
injector. The first-stage actuator positions the main oxidizer
valve at the 14-deg position to obtain initial thrust chamber igni-
tion; the second-stage actuator ramps the main oxidizer valve
full open to accelerate the engine to main-stage operation.

Main Fuel Valve - The main fuel valve is a pneumatically
actuated butterfly-type valve located in the fuel high pressure
duct between the turbopump and the fuel manifold.

Pneumatic Control Package - The pneumatic control package
controls all pneumatically operated engine valves and purges.
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14, Electrical Control Assembly - The electrical control assembly
provides the electrical logic required for proper sequencing of
engine components during operation.

15. Primary and Auxiliary Flight Instrumentation Packages - The
instrumentation packages contain sensors required to monitor
critical engine parameters. The packages provide environ-
mental control for the sensors. '

2.1.2 S-1YB Battleship Stage

The S-IVB battleship stage is approximately 22 ft in diameter and
49 ft long and has a maximum propellant capacity of 46, 000 1b of liquid
hydrogen and 199, 000 1b of liquid oxygen. The propellant tanks, fuel
above oxidizer, are separated by a common bulkhead. Propellant pre-
valves, in the low pressure ducts (external to the tanks) interfacing the
stage and the engine, retain propellant in the stage until being admitted
into the engine to the main propellant valves and serve as emergency
engine shutoff valves. Propellant recirculation pumps in both fuel and
oxidizer tanks are utilized to circulate propellants through the low pres-
sure ducts and turbopumps before engine start to stabilize hardware tem-
peratures near normal operating levels and to prevent propellant tem-
perature stratification. Vent and relief valve systems are provided for
both propellant tanks.

Pressurization of the fuel and oxidizer tanks was accomplished by
facility systems using hydrogen and helium, respectively, as the pres-
surizing gases. The engine-supplied gaseous hydrogen and gaseous
oxygen for fuel and oxidizer tank pressurization during S-II flight were
routed to the respective facility venting systems during all five firings.
The gaseous hydrogen repressurant flow was programmed off at
tg + 7.5 sec during each firing.

2.2 TEST CELL

Test Cell J-4, Fig. 2, is a vertically oriented test unit designed
for static testing of liquid-propellant rocket engines and propulsion sys-
tems at pressure altitudes of 100, 000 ft. The basic cell construction
provides a 1. 5-million-lbf-thrust capacity. The cell consists of four
major components (1) test capsule, 48 ft in diameter and 82 ft in height,
situated at grade level and containing the test article; (2) spray chamber,
100 ft in diameter and 250 ft in depth, located directly beneath the test
capsule to provide exhaust gas cooling and dehumidification; (3) coolant
water, steam, nitrogen (gaseous and liquid), hydrogen (gaseous and
liquid), and liquid oxygen and gaseous helium storage and delivery
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systems for operation of the cell and test article; and (4) control build-
ing,  containing test article controls, test cell controls, and data acquisi-
tion equipment. Exhaust machinery is connected with the spray chamber
and maintains a minimum test cell pressure before and after the engine
'fi'rjing and exhausts the products of combustion from the engine firing.
Before a firing, the facility steam ejector, in series with the exhaust
machinery, provides a pressure altitude of 100, 000 ft in the test capsule.
A detailed description of the test cell is presented in Ref, 4.

The battleship stage and the J-2 engine were oriented vertically
downward on the centerline of the diffuser-steam ejector assembly.
This assembly consisted of a diffuser duct {20 ft in diameter by 150 ft
in length), a centerbody steam ejector within the diffuser duct, a dif-
fuser insert (13.5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous nitrogen annular ejector above the diffuser
insert. The diffuser insert was provided for dynamic pressure recovery
of the engine exhaust gases and to maintain engine ambient pressure alti-
tude (attained by the steam ejector) during the engine firing. The annular
ejector was provided to suppress steam recirculation into the test cap-
sule during steam ejector shutdown. The test cell was also equipped
with (1) a gaseous nitrogen purge system for continuously inerting the
normal air in-leakage of the cell; (2) a-gaseous nitrogen repressuriza-
tion system for raising test cell pressure, after engine cutoff, to a level
equal to spray chamber pressure and for rapid emergency inerting of
the capsule; and (3) a spray chamber liquid nitrogen supply and distribu-
tion manifold for initially inerting the spray chamber and exhaust duct-
ing and for increasing the molecular weight of the hydrogen-rich exhaust
products.

An engine component conditioning system was provided for tem-
perature conditioning engine components. The conditioning system
utilized a liquid hydrogen-helium heat exchanger to provide cold helium
gas for component conditioning. Engine components requiring tempera-
ture conditioning were the thrust chamber, crossover duct, main
oxidizer valve second-stage actuator, and start tank discharge valve.
Cold helium was routed internally through the crossover duct and
tubular -walled thrust chamber, and ambient-temperature helium was
used to warm the main oxidizer valve and the start tank discharge
valve. The desired main oxidizer valve second-stage actuator tem-
peratures were obtained by varying pre-fire propellants-in-engine time.

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation comprised
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(1) flight instrumentation for the measurement of critical engine param-
eters and (2) facility instrumentation which was provided to verify the
flight instrumentation and to measure additional engine parameters. The
flight instrumentation was provided and calibrated by the engine manu-
facturer; facility instrumentation was initially calibrated and periodically
recalibrated at AEDC., Appendix III contains a list of all measured test
parameters and the locations of selected sensing points.

Pressure measurements were made using strain-gage-type pres-
sure transducers. Temperature measurements were made using
resistance temperature transducers and thermocouples. Oxidizer and
fuel turbopump shaft speeds were sensed by magnetic pickup. Fuel and
oxidizer flow rates to the engine were measured by turbine-type flow-
meters which are an integral part of the engine. The propellant recir-
culation flow rates were also monitored with turbine-type flowmeters.
Vibrations were measured by accelerometers mounted on the oxidizer
injector dome and on the turbopumps. Primary engine and stage valves
were instrumented with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers and
resistance temperature transducer units; (2) voltage substitution for
the thermocouples; (3) frequency substitution for shaft speeds and flow-
meters; and (4) frequency-voltage substitution for accelerometers.

The types of data acquisition and recording systems used during
this test period were (1) a multiple-input digital data acquisition system
(MicroSADIC®) scanning each parameter at 40 samples per second and
recording on magnetic tape, (2) single-input, continuous-recording FM
systems recording on magnetic tape, (3) photographically recording
galvanometer oscillographs, (3) direct-inking, null-balance potentiometer-
type X-Y plotters and strip charts, and (5) optical data recorders. Appli-
cable systems were calibrated before each test (atmospheric and altitude
calibrations). Television cameras, in conjunction with video tape re-
corders, were used to provide visual coverage during an engine firing,
as well as for replay capability for immediate examination of unexpected
events.,

2.4 CONTROLS

Control of the J-2 engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect the
engine control system, major stage systems, the engine safety cutoff
system, the observer cutoff circuits, and the countdown sequencer. A
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schematic of the engine start control logic is presented in Fig. 6. The
" sequence of engine events for a normal start and shutdown is presented
in Figs. 7Ta and b. Two control logics for sequencing the stage pre-
valves and recirculation systems with engine start for simulating engine
flight start sequences are presented in Figs. 7c and d.

s SECTION Itl
PROCEDURE

Pre-operational procedures were begun several hours before the
test period. All consumable storage systems were replenished, and
engine inspections, leak checks, and drying procedures were conducted.
Propellant tank pressurants and engine pneumatic and purge gas samples
were taken to ensure that specification requirements were met. Chemi-
cal analysis of propellants was provided by the propellant suppliers.
Facility sequence, engine sequence, and engine abort checks were con-
- ‘ducted within a 24-hr time period before an engine firing to verify the
proper sequence of events. Facility and engine sequence checks con-
sisted of verifying the timing of valves and events to be within specified
limits; the abort checks consisted of electrically simulating engine mal-
functions to verify the occurrence of an automatic engine cutoff signal.

A final engine sequence check was conducted immediately preceding the
test period.

Oxidizer dome, gas generator oxidizer injector, and thrust chamber
jacket purges were initiated before evacuating the test cell. After com-
pletion of instrumentation calibrations at atmospheric conditions, the test
cell was evacuated to approximately 0.5 psia with the exhaust machinery,
and. instrumentation calibrations at altitude conditions were conducted.
Immediately before loading propellants on board the vehicle, the cell and
exhaust-ducting atmosphere was inerted. At this same time, the cell
nitrogen purge was initiated for the duration of the test period, except
for the engine firing. The vehicle propellant tanks were then loaded,
and the remainder of the terminal countdown was conducted. Tempera-
ture conditioning of the various engine components was accomplished
as required, using the facility-supplied engine component conditioning
system. Engine components that required temperature conditioning
were the thrust chamber, the crossover duct, main oxidizer valve
second-stage actuator, and start tank discharge valve. Table V pre-
sents the engine purges and thermal conditioning operations during the
terminal countdown and immediately following each engine firing.
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SECTION IV
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Five firings of the J-2 rocket engine S/N J-2047 were conducted on
December 14, 1967, during test period J4-1801-20 for a total accumu-
lated firing duration of 56.22 sec. These firings were in support of the
S-II vehicle application for Saturn flights AS 502 and AS 503. Testing
was accomplished at pressure altitudes ranging from 104, 000 to
112, 000 ft at engine start and with selected engine components condi-
tioned to predicted S-II interstage/engine temperatures.

Test objectives were satisfactorily met during all five firings
despite slightly colder-than-desired main oxidizer valve second-stage
actuator temperatures at engine start for firings 20A, 20B, and 20C.
The main oxidizer valve was orificedl for this test period to provide a
- +10
-20
limit for an S-II configuration engine. Satisfactory engine operation
was obtained. A summary of test requirements and results is presented
in Table V. Start and shutdown transient operating times for selected
engine valves are presented in Table VI. Figure 8 shows engine start
conditions for turbopump inlets, the start tank, and the helium tank.

dry-sequence second-stage ramp time of 1350 msec, the minimum

Specific test objectives and a brief statement of results are pre-
sented below:

Firing Test Objectives Results

20A To evaluate the effect of heavier Heavier turbine wheels ap-
oxidizer turbine wheels on the parently had an insignificant
engine start transient at mini- effect on start transient
mum starting energy and characteristics. Main
warmest main oxidizer valve oxidizer valve ramping
actuator temperature at the movement began very early
minimum S-II sequence ramp before oxidizer dome prime.
limit. To evaluate fuel pump The fuel pump flow approached
operation at reduced NPSH within 450 gpm of stall in-
value. _ ception line at tg + 1. 83 sec.

There were no indications of
significant fuel pump cavita-
tion at an NPSH of 230 ft.

1Nonthermostatic orificed S-II main oxidizer valve.



Firing
20B

20C

Test Objectives

To evaluate the effect of heavier
oxidizer turbine wheels on the
engine start transient at start
tank pressure of 1200 psia and
temperature of -200°F and
warmest main oxidizer valve
actuator temperature at the
minimum S-II sequence ramp
limit. To evaluate fuel pump
operation at reduced NPSH
value.

To evaluate augmented spark
igniter ignition delay with maxi-
mum fuel pump inlet pressure
and minimum oxidizer pump
inlet pressure.

20D To evaluate the engine start

20E

transient at nominal S-II start-
ing energy and the minimum
sequence ramp limit for the
main oxidizer valve.

Partial transition test to
evaluate fuel pump low-level
stall margin at 21.5 psia inlet
pressure.
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Results

The effect of heavier oxi-
dizer wheels was apparently
insignificant., Main oxidizer
valve ramp time was

1. 691 sec, fastest to date at
AEDC. The fuel pump flow
approached within 475 gpm
of the stall inception line at
tg + 1.85 sec. There were
no indications of significant
fuel pump cavitation at an
NPSH of 230 ft.

Ignition detection delay time
was 0. 235 sec after engine
start. The peak gas gener-
ator temperature was 990°F,
lowest to date at AEDC.
Fuel pump stall margin was
750 gpm in the high-level
region. '

Thrust chamber ignition
occurred at tg + 0. 993 sec
with 143 msec VSC and the
peak gas generator tempera-
ture 1630°F, Main-stage
operation was achieved at
to + 2. 058 sec. Fuel pump
stall margin was 875 gpm
during VSC period, 625 gpm
minimum in the high-level
region,

Fuel pump stall margin was
approximately 1900 gpm at
the end of start tank dis-
charge. No apparent tendency
for either cavitation or stall
with an NPSH of 115 ft at
engine start,

The presentation of test results in the remainder of this section
consists of a discussion of each engine firing with pertinent data com-

parisons.

data acquisition system, except as noted.

The data presented are primarily those recorded on the digital
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4.2 TEST RESULTS
4.2.1 Firing J4-1801-20A

The programmed 32. 5-sec engine firing was successfully accom-
plished. Engine start and shutdown transients are presented in Fig. 9.
Fuel lead time was 1. 009 sec.

The pressure altitude at engine start was 104, 000 ft. Test cell
pressure and engine combustion chamber pressure during the firing are
presented in Fig. 10. A mixture ratio shift from 5. 0 to 5.5 was accom-
plished at tg + 12. 6 sec by propellant utilization valve excursion from
null to the closed position. This produced the indicated 80-psi rise in
chamber pressure and an associated thrust increase to the desired
nominal operating level of 225, 000 1b.

Thermal conditioning of engine components prior to the firing is
shown in Fig. 11. The cold crossover duct condition (-94°F average
temperature, Fig. 11b) combined with the start tank conditions indi-
cated in Fig. 8c to provide a minimum expected starting energy condi-
tion for an S-II start. Oxidizer and fuel pump inlet conditions were
targeted for reduced NPSH (outside the engine manufacturer's safe start
envelopes) as shown in Figs. 8a and b, respectively.

Thrust chamber ignition (chamber attains 100 psia) occurred at
tgp + 1. 028 sec with 32 msec of VSC during oxidizer dome prime. Main-
stage operation (chamber pressure attains 550 psia) was achieved at
to + 2.208 sec. Gas generator peak temperature at oxidizer dome
prime was 1230°F,

~ The main oxidizer valve began second-stage ramping movement
at tg + 0.954 sec, 74 msec before oxidizer dome prime, an unusually
short dwell time at the first-stage position. Total ramp time from the
first-stage position to full open was 1725 msec. The valve moved very
quickly in the early portion of the ramping period, reaching 22 deg open
by the end of the 32-msec VSC period. The very fast ramping move-
ment is attributed to the 1355-msec dry-sequence orificing time and
reduced hydraulic torque afforded by the minimum expected S-II start-
ing energy condition.

Because the main oxidizer valve left the first-stage position early,
the gas generator oxidizer supply pressure rate of increase was re-
duced significantly because of reduced resistance to oxidizer flow pre-
sented by the partially open valve. The result was reduced gas gener-
ator power buildup in proportion to the back pressure being developed

10
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on the fuel pump as thrust chamber pressure increased. The cold
thrust chamber pre-chill, -223°F at the throat and -250°F average tube
temperature at engine start (decreased thrust chamber resistance to
fuel flow), allowed less fuel tapoff flow to the gas generator and, con-
sequently, delayed gas generator power development at the beginning
of bootstrap operation. The combined result of the fast main oxidizer
valve and cold thrust chamber pre-chill was conversion of some of

the fuel pump energy to head instead of flow during and following
oxidizer dome prime; the fuel pump stall margin was reduced accord-

ingly.

Figure 12 shows the performance of the fuel pump during the start
transient. Fuel pump discharge flow exhibited a slight decrease after
oxidizer dome prime until the fuel pump reached 14, 500 rpm. At the
14, 500 rpm point, the pump began to recover from the potential stall
condition reaching a minimum high-level stall margin of 450 gpm at
18,600 rpm.

Evaluation of the effect of heavier oxidizer turbine wheels on the
start transient for this firing can be made by comparing start trans1ent
characteristics with a previous firing, J4-1801-13A (Ref. 3), wh1ch
was conducted with an oxidizer turbopump having lighter turbine wheels
and the objective to evaluate conditions for a potential high-level fuel
pump stall. In making this data comparison, effects of two other engine
component differences must be recognized:

(1) A different main oxidizer valve was installed for Test
J4-1801-13 orificed for a dry-sequence ramp time of
1385 msec.

(2) A different oxidizer turbine bypass valve was installed for
Test J4-1801-13 having a 17-percent smaller (area) bypass
nozzle.

Starting conditions for the two firings were comparable except for

crossover duct temperature, and engine start transient characteristics
compared closely as shown below and in Fig. 14:

11
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Firing Number J4-1801- 20A 13A
Thrust Chamber Ignition, sec (Ref. tg) 1. 026 1.043
Gas Generator Peak Temperature, °F 1230 1455
Vibration Safety Counts, msec 32 33
Main Oxidizer Valve '
Initial Second-Stage Movement, sec (Ref. tg) 0.954 0.982
lTorque at Initiation of Second-Stage Ramp, in. -lbf
Actuator 197 174
Hydraulic 108 101
Net Opening 89 73
Second-Stage Ramp Time, msec 1725 1875
Fuel Pump Stall Margin, gpm
At Oxidizer Dome Prime 900 1150
At Approximately 18, 600 rpm 450 550
Thrust Chamber Pressure Buildup Time
to 550 psia, sec (Ref. tp) 2.208 2,245

lsee Appendix IV for methods of calculations.

Thrust chamber temperatures at engine start for these two firings dif-
fered by only 13°F average tube temperature, firing 13A being colder.
Thus, fuel pump discharge and gas generator fuel injector pressures
were essentially the same until gas generator ignition, leaving any dif-
ference in oxidizer pump discharge and gas generator oxidizer injector
pressures to be reflected in the gas generator ignition characteristics
(Fig. 13). Figure 13b shows that gas generator chamber pressure was
practically identical (approximately 90 psia) for the two firings until
oxidizer dome prime. As the oxidizer dome primed, fuel pump dis-
charge pressure (Fig. 13a) peaked to a higher level during firing 20A
reducing the gas generator peak temperature by 225°F lower than
firing 13A. The earlier oxidizer dome prime on firing 20A, which re-
sulted from an earlier main oxidizer valve second-stage movement,
therefore accounts for the lower peak temperature during firing 20A.
The difference in second-stage ramp characteristics accounts for the
closer approach to fuel pump high-level stall during firing 20A.

" The heavier-turbine-wheel oxidizer pump for firing 20A spun up to
a lower peak speed than the lighter-turbine-wheel pump for firing 13A
during start tank discharge as indicated in Fig. 13a by approximately
3- or 4-psi difference in peak nominal discharge pressure levels. Data
acquisition anomolies prevented the recovery of oxidizer pump speed
data (NOP-1P) recorded during firing 20A; however, the peak spin
speed for firing 20A is estimated to have been approximately 3135 rpm.
The estimate was derived by straight-line interpolation of firing 20A
data between peak spin-speed data from firings J4-1801-17A and 18A

12
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(Ref. 2), which were conducted with the same heavier-turbine-wheel
oxidizer pump, and by utilizing the start tank/crossover duct tempera-
ture differential relationship developed in Ref. 6. Start tank pressures
for firings 20A, 18A, 17A, and 13A were nominally 1250 psia. The
temperature differentials (using an average of TFTD-2, TFTD-3, and
TFTD-8 for crossover duct temperature) and peak spin speeds?2 during
start tank discharge for these four firings (including 13A) were:

Firing No. AT, °F Peak Spin Speed, rpm
17A 43 3123
18A 63 3153
20A 51 3135 (est.)
13A 64 3167

The effect of heavier turbine wheels can be seen between firings 13A

and 18A as having reduced the peak spin speed by 14 rpm, assuming the
starting energy to have been essentially identical for firings 13A and 18A.
Thus, the difference in peak spin speeds between firings 20A and 13A is
estimated to have been approximately 14 rpm attributable to the heavier
turbine wheels and 18 rpm attributable to the starting energy difference.

The use of only one pair of tests to attempt precise evaluation of the
heavier turbine wheel effect on peak spin speed during start tank dis-
charge is insufficient. A comparison of peak oxidizer pump spin-speed
data between firings 13A, 14A, 15A, and 07A, all of which had the mini-
mum start tank energy condition, reveals that the heavier turbine wheels
reduced an oxidizer pump peak spin speed of approximately 3100 to
3200 rpm by a nominal value of 40 rpm (in the order of 1. 3 percent).

Gas generator bootstrap performance for these two firings (before
oxidizer dome prime, Fig. 13b) was essentially equal. The fact that
hydraulic torque acting on the main oxidizer valve was practically
identical before second-stage ramp indicates that the oxidizer pump
speeds decayed to the same minimum level for the two firings and that
the heavier oxidizer turbine wheels had no appreciable effect on main
oxidizer valve movement or on gas generator peak temperature. The
differences in gas generator temperature were the direct result of the
differences in main oxidizer valve second-stage opening characteristics
entirely attributable to actuator torque buildup rate (second-stage closing
control port orificing) and valve friction differences.

Ozxidizer pump discharge pressures differed significantly in build-
up rate after oxidizer dome prime during acceleration to main-stage

2Data are from FM recording system.
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operation, while fuel pump discharge, thrust chamber, and gas gener-
ator chamber pressures differed only slightly. Oxidizer pump accelera-
tion rate to steady-state (main-stage) operation is a function of the
energy supplied to the turbine by the gas generator and a function of the
pump/turbine mass moment of inertia. For the same energy input to
the turbines, the heavier-turbine-wheel pump should be expected to
accelerate less rapidly. However, in the subject test series for

Saturn flights AS 502 and AS 503 S-II investigation, no test comparison
is available having the same energy input because the oxidizer turbine
bypass nozzle was resized when the turbopump was replaced (Ref. 2).
Firing 13A provides the best overall comparison available for firing 20A
because of the similar test conditions at engine start and the fast main
oxidizer valve sequencing.

Oxidizer pump acceleration rate is estimated for firing 13A
(Fig. 13c) to have been approximately six times as great during start
tank discharge as during high-level spinup to main-stage operation.
Thus, the effect of increased turbine inertia which lowered the
firing 20A peak spin speed during start tank discharge by approximately
1. 3 percent would be expected to lower the high-level spin speed during
acceleration to the steady-state level by no more than about 0. 2 percent
(1.3/6). This percentage of the firing 13A speed at tg + 3.0 sec in
approximately 15 rpm (or in the order of 2-psi difference in pump dis-
charge pressure). The higher inertia of the heavier turbine wheels
accounts for approximately 2 psi of the 60-psi difference at this time
between firings 20A and 13A, and the reduced energy supplied to the
oxidizer turbine during firing 20A, because of turbine bypass nozzle
sizing, accounts for approximately 58 psi of the difference. Thus,
heavier oxidizer turbine wheels had no significant effect on the high-
level buildup transients of these two firings.

4.2.2 Firing J4-1801-20B

The programmed 7. 5-sec engine firing was successfully accom-
plished. Engine start and shutdown transientsd are presented in Fig. 14.
Engine valve operating times were consistent and normal (Table VI),

3oxidizer pump speed data (NOP-1P) are from the FM recording
system; the data were not recovered on the Digital Data Acquisition
System for any of the Test 20 firings. All oxidizer pump speed com-
parisons with previous firings in this report are made using FM system
data only.
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The pressure altitude at engine start was 110, 000 ft. Test cell
pressure and engine combustion chamber pressure are presented in
Fig. 15. Thermal conditioning of selected engine components before
the firing is shown in Fig. 18.

Ignition was detected in the augmented spark igniter 122 msec after
engine start. Fuel lead time was 1. 002 sec. Thrust chamber ignition
occurred at tg + 1. 033 sec with 134 msec of vibration safety counts
during oxidizer dome prime. The main oxidizer valve began to ramp
from the first-stage position at tg + 0.978 sec, 55 msec before oxidizer
dome prime. The second-stage ramp time was 1691 msec, the fastest
recorded to date in the AEDC test program. )

Initial gas generator operation during the bootstrap operation
period, before oxidizer dome prime, exhibited unusually low power
development; gas generator chamber pressure decayed to 2 minimum
of approximately 80 psia at tg + 0.9 sec. The peak gas generator tem-
perature was 1400°F at oxidizer dome prime.

The fuel pump start transient characteristics were very similar

. to those observed during firing 20A. The fast main oxidizer valve
second-stage movement resulted in a minimum stall margin of 475 gpm
at approximately 18, 600 rpm, tg + 1. 85 sec, as shown in Fig. 17. The
main oxidizer valve moved from 17 to 27 deg during the oxidizer dome
prime VSC period. The fuel flow rate was reduced by approximately
400 gpm during oxidizer dome prime. Fuel flow rate levels were
identical for firings 20A and 20B from tg + 1. 4 sec to steady-state
operation.

The effect of heavier oxidizer turbine wheels on the engine start
transient, for start tank conditions of 1200-psia pressure and -200°F
temperature, is shown to be insignificant when compared to the effects
of thrust chamber pre-chill differences between firings 20B and 16A
(Ref. 7). Firing 16A was conducted using the lighter-turbine-wheel
oxidizer turbopump and with target conditions at engine start similar
to those of firing 20B, with the exception of crossover duct temperature.
Both firings were targeted for a thrust chamber throat temperature of
-250 + 25°F. Although target conditions were satisfied, the average
thrust chamber tube temperatures were -287°F for firing 20B and -215°F
for firing 16A, a difference of 72°F. Other engine configuration changes
having significant bearing on this data comparison were the same that
were listed in 4. 2. 1 above between firings 20A and 13A with one excep-
tion, the main oxidizer valve was orificed for a dry-sequence ramp time
of 1420 msec for test J4-1801-16,
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Engine start transient comparisons for the two firings are shown in
Fig. 18 and below.

Firing No. J4-1801- 20B 16A
Thrust Chamber Ignition, sec (Ref. tg) 1.033 1. 028
Gas Generator Peak Temperature, °F 1400 1389
Vibration Safety Counts, msec 134 88
Main Oxidizer Valve
Initial Second-Stage Movement, sec (Ref. tg) 0.978 1. 026
Torque at Initiation of Second-Stage Ramp, in.-1lbg
Actuator . 258 276
Hydraulic 107 104
Net Opening 151 172
Second-Stage Ramp Time, msec 1691 1943
Fuel Pump Stall Margin, gpm
At Oxidizer Dome Prime 850 1050
At Approximately 18, 600 rpm 400 750
Thrust Chamber Pressure Buildup Time
to 550 psia, sec (Ref. tg) 2, 241 2.081

Reference 7 reports that the main oxidizer valve second-stage initial
movement during firing 16A was inconsistent with other S-II low-energy
starts to date in that the main oxidizer valve did not begin to ramp be -
fore oxidizer dome prime and that this initial movement (firing 16A) was
coincident with the beginning of the 88-msec VSC period. Hydraulic
torque was unusually high for a low-energy start before oxidizer dome
prime during firing 16A, 120-in, -lb;s at the corresponding time that the
valve began to ramp during firing 20B as compared to 107 in. -lbg for
firing 20B. Oxidizer pump discharge pressure was approximately
196 psia as the oxidizer dome primed. Hydraulic torque decreased to
104 in.-1bg as thrust chamber pressure increased to 61 psia, and the
main oxidizer valve began to ramp. The higher hydraulic torque during
firing 20B resulted from an immediate rise in gas generator chamber
pressure after ignition to approximately 110 psia in the bootstrap period
before oxidizer dome prime. The higher gas generator output for
firing 16A (see shaded area, Fig. 18b) was the direct result of higher
thrust chamber resistance to fuel flow (see shaded area, fuel pump dis-
charge pressures, afforded by the warmer thrust chamber pre-chill,
Fig. 18a). The result of the improved gas generator bootstrap per-
formance (with regard to main oxidizer valve opening characteristics)
was less decay in oxidizer pump spin speed and discharge pressure be-
fore oxidizer dome prime and, thus, higher hydraulic torque acting on
the main oxidizer valve gate at the first-stage position.
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After oxidizer dome prime, both turbopumps accelerated to main-
stage steady-state levels much faster during firing 16A than during
firing 20B because of the faster gas generator chamber pressure build-
up.rate afforded by the better initial gas generator operation and slower
main oxidizer valve ramping during firing 16A. Comparing the large
difference in oxidizer pump discharge pressures in the high-level build-
up period between firings 20B and 16A (approximately 140 psi at
to + 2 sec, Fig. 18a) with the 60-psi maximum difference between
- firings 20A and 13A (Fig. 13a), the above described difference in gas
generator performance appears large with respect to the effect of the
17-percent larger oxidizer turbine bypass nozzle discussed in 4. 2. 1
above.

The fuel and oxidizer pump discharge pressure high-level buildup
transients of firings 20A and 20B were practically identical, and the
4,.2.1 discussion showed the effect of heavier oxidizer turbine wheels
to have been insignificant, with respect to the oxidizer turbine bypass
nozzle effect, between firings 20A and 13A.

The peak oxidizer pump spin speed during start tank discharge for
16A was 3290 rpm and for firing 20B was 3211 rpm (a difference of
-approximately 80 rpm). Firings 16D and 19A were also conducted with
nominal start tank conditions of 1200 psi and -200°F, and the heavier-
turbine-wheel oxidizer pump was installed for firing 19A. Start
tank/crossover duct temperature- differentials and peak spin speeds
for these four firings are compared as follows:

Firing No. AT, °F Peak Spin Speed, rpm Turbine Wheels
18A 103 3175 Heavy
20B 110 3211 Heavy
16A 144 3290 Light
16D 140 3274 Light

The peak spin-speed difference between firings 20B and 16A
{weighted by firing 16D) shows approximately 30 rpm attributable to
turbine inertia and 50 rpm attributable to starting energy differences
after extrapolating the data for heavier turbine wheels to 140°F tempera-
ture differential. However, the same comparison with firing 19A shows
approximately 55 rpm difference attributable to turbine inertia and
60 rpm attributable to starting energy differences. Thus, averaging the
two comparisons for these start tank conditions, the effect of heavier
turbine wheels was approximately 40 rpm on the peak spin speed, the
same as that for the start tank conditions of 1250 psi and -140°F tested
in firing 20A.
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4.2.3 Firing J4-1801-20C

The programmed 7. 5-sec engine firing was successfully accom-
plished. Engine start and shutdown transients are presented in Fig. 19.
Engine valve operating times were consistent and normal (Table VI).

The pressure altitude at engine start was 111, 000 ft. Test cell
pressure and engine combustion chamber pressure are presented in
Fig. 20. Thermal conditioning of selected engine components before
the firing is shown in Fig. 21.

Thrust chamber ignition occurred at tg + 0.997 sec with 80 msec
of vibration safety counts. The main oxidizer valve initial second-
stage movement occurred at tg + 0.963 sec. Gas generator ignition
was immediate, and combustion was very smooth as the oxidizer poppet
opened; the peak gas generator temperature was the lowest recorded to
date at AEDC, 990°F. The main oxidizer valve second-stage ramp
time was 1737 msec. Main-stage operation (550-psia chamber pres-
sure) was achieved at tg + 2. 083 sec.

Improved gas generator performance (higher gas generator exhaust
flow) as bootstrap operation began and the very low, 990°F, peak tem-
perature were afforded by the warm thrust chamber pre-chill (-170°F
average chamber tube temperature). Performance of the fuel pump
during the start transient is shown in Fig. 22, Reduced fuel pump
high-level stall margins (450-475 gpm) for firings 20A and 20B were
the result of low gas generator power and fast main oxidizer valve
ramping movement. Comparison of the fuel pump head-flow and pump
speed transients of firing 20C with firings 20A and 20B shows that im-
proved gas generator transient performance, despite fast main oxidizer
valve movement on firing 20C, provided increased stall margin. The
minimum high-level stall margin for firing 20C was 750 gpm (at
19, 100 rpm). The fuel flow at the time of minimum low-level stall
margin (before oxidizer dome prime) was approximately 500 gpm
greater than firing 20B although starting energy for both firings was
identical.

Augmented spark igniter ignition detection delay time is shown in
Fig. 23 to have a relationship with engine pump inlet pressures at
engine start. The delay time for firing 20C was 235 msec from engine
start with fuel pump inlet pressure set 4.6 psi higher than oxidizer pump
inlet pressure. For firings 20A, 20B, 20D, and 20E, oxidizer inlet
pressure was set nominally 7 psi higher than fuel pump inlet pressure,
and ignition detection delay time varied from 122 msec for firing 20B
to 202 msec for firing 20E.
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4.2.4 Firing J4-1801-20D

The programmed 7. 5-sec firing was successfully accomplished.
Engine start and shutdown transients are presented in Fig. 24. Engine
valve operating times were consistent and normal (Table VI).

The pressure altitude at engine start was 110, 000 ft. Test cell
pressure and engine combustion chamber pressure are presented in
Fig. 25, Thermal conditioning of selected engine components before
the firing is shown in Fig. 26.

The crossover duct temperature (-7°F average at engine start) com-
bined with the start tank conditions shown in Fig. 8c to provide nominal
starting energy conditions. Fuel lead time was 1.002 sec. Ignition
was detected in the augmented spark igniter 143 msec after engine start.

Thrust chamber ignition occurred at tg + 0. 993 sec with 143 msec
of vibration safety counts during oxidizer dome prime. The main
oxidizer valve began to ramp from the first-stage position at
tg + 1.009 sec (during the VSC period). The peak gas generator tem-
perature was 1630°F, The main oxidizer valve opening characteristics
for this firing are shown in detail from oscillograph and FM system
data presented in Fig. 27. Net opening torque was 145 in. -1b; (Table VII)
at the time of valve second-stage initial movement. Hydraulic torque
acting on the gate was higher before oxidizer dome prime during
firing 20D than during firings 20A, 20B, and 20C because of the higher
starting energy; the torque was reduced from 112 to 19 in, -lbf minimum
as the oxidizer dome primed. The valve began to ramp at a time that
chamber pressure was 109 psia, 21 msec after VSC began (Fig. 27a).
The vibration apparently reduced the valve frictional torque, influencing
the valve to begin to ramp open at an accelerated rate, evidenced by the
fact that actuator torque actually decreased until VSC ceased (Fig. 27b).
The valve second-stage opening time was 1830 msec. Thrust chamber
pressure buildup to 550 psia required 2. 058 sec (from tg).

Transient performance of the fuel pump is shown in Fig. 28. The
minimum stall margin during the 143-msec VSC period was 875 gpm
(at 13, 800 rpm), and the minimum high-level stall margin was 600 gpm
(at 18, 700 rpm). Comparing fuel pump start transient performance for
firing 20D with the performance for firing 20B (Fig. 19), the dome
prime stall margin during the 134-msec VSC period of firing 20B was
850 gpm, 25 gpm less than the firing 20D margin. However, the faster
gas generator chamber pressure buildup during firing 20D increased
the main oxidizer valve second-stage ramp time by 139 msec and in-
creased the minimum fuel pump high-level stall margin by approxi-
mately 125 gpm greater than that of firing 20B.
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4.2.5 Firing J4-1801-20E

The programmed firing of 0. 875-sec duration was successfully
accomplished. Fuel lead time was 1.007 sec. Engine start and shut-
down transients are presented in Fig., 29. Engine valve operating times
were consistent and normal (Table VI). Ignition was detected in the
augmented spark igniter chamber 202 msec after engine start.

The pressure altitude at engine start was 112, 000 ft. Test cell
pressure and engine combustion chamber pressure are presented in
Fig. 30. Thermal conditioning of selected engine components before
the firing is shown in Fig. 31.

The fuel pump inlet was conditioned to a very low pressure
(21.5 psia) as shown in Fig. 8b. High starting energy was afforded by
the start tank conditions, shown in Fig. 8c, and the warm crossover
duct temperature, 39°F average. The thrust chamber was pre-chilled
to -234°F at the throat. The gas generator peak temperature was
1715°F at tg + 0. 95 sec. Transient performance of the fuel pump is
shown in Fig, 32. Fuel pump NPSH was well below the engine manu-
facturer's minimum model specification line (Ref. 8 and Fig. 32¢)
throughout the firing duration. Fuel pump low-level stall margin was
1900 gpm at the end of start tank discharge. There was no apparent
increased tendency for fuel pump cavitation or degradation in fuel pump
transient performance (as indicated by satisfactory engine start tran-
sient characteristics) from starting the engine with 115-ft NPSH during
this firing.

4.3 ENGINE STEADY-STATE PERFORMANCE

Engine steady-state performance data are presented in Table VIII
for a 1-sec data average between 29 and 30 sec after tg for firing 20A.
These data were computed using the Rocketdyne PAST 640, modifica-
tion zero, performance computer program. Engine test measurements
required by the program and the program computations for the normal-
ized data are presented in Appendix V. Propellant flow rates for actual
test conditions were utilized for thrust chamber site performance com-
putations correcting for gaseous oxygen repressurant flow rate (meas-
ured using a facility vent nozzle) and programming a facility shutoff
valve to terminate the gaseous hydrogen repressurant flow early in the
main-stage portion of the firing.

20



AEDC.TR-68-101

4.4 POST-TEST INSPECTION

Post-test inspection showed the engine to be in satisfactory condi-
tion. Visual examination of the augmented spark igniter revealed no
signs of chamber erosion or excessive temperature. No engine com-
ponents required replacement because of unsatisfactory condition.

SECTION V
SUMMARY OF RESULTS

The results of these five firings of the J-2 engine (S/N J-2047) con-
ducted on December 14, 1967, in Test Cell J-4 are summarized as
follows:

1. Limited data comparisons revealed that heavier oxidizer
turbine wheels had an insignificant effect for low starting-
energy firings 20A and 20B on the engine start transient char-
acteristics, i. e., main oxidizer valve second-stage opening,
gas generator transient temperatures, fuel pump stall margin,
and thrust chamber buildup to main-stage operation.

2. The test conditions at engine start for firing 20A combined to
produce a fast main oxidizer valve second-stage ramp time,
1725 msec, beginning 74 msec before oxidizer dome prime.
The result was delayed gas generator power development with
respect to fuel pump back pressure and the closest approach to
fuel pump high-level stall observed to date at AEDC, 450-gpm
stall margin,

3. The test conditions at engine start for firing 20B combined to
produce the fastest main oxidizer valve second-stage ramp
time recorded to date at AEDC, 1691 msec, beginning 55 msec
before oxidizer dome prime. 'The result was approximately
the same fuel pump high-level stall margin as firing 20A,

475 gpm. ’

4. Engine vibration during oxidizer dome prime (VSC) apparently
accelerated the main oxidizer valve ramp rate during the VSC
periods of firings 20A, 20B, 20C, and 20D and influenced the
valve to begin the second-stage ramp 21 msec after VSC began
during firing 20D. Fuel pump stall margin was reduced to
approximately 850 to 875 gpm minimum during the oxidizer
dome prime VSC periods of firings 20B and 20D.
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5. An increased fuel pump high-level stall margin of 750 gpm was
observed during firing 20C, despite fast main oxidizer valve
second-stage opening time, 1737 msec, beginning 34 msec be-
fore oxidizer dome prime. Firing 20C was conducted with the
same low starting-energy conditions as firing 20B but with high
fuel pump NPSH and a warm thrust chamber pre-chill. The
peak gas generator temperature at oxidizer dome prime was the
lowest recorded to date at AEDC, 990°F.

6. The nominal starting conditions of firing 20D, despite a cold
thrust chamber pre-chill, delayed the initial main oxidizer
valve second-stage movement until oxidizer dome prime and
produced a main oxidizer valve second-stage ramp time of
1830 msec. The fuel pump high-level stall margin was 600 gpm.

7. Augmented spark igniter ignition detection delay time for
firing 20C was 235 msec from engine start with fuel pump inlet
pressure set 4,6 psi higher than oxidizer pump inlet pressure,
For the other firings in this test period, oxidizer inlet pres-
sure was set nominally 7 psi higher than fuel pump inlet pres-
sure, and ignition detection delay time varied from 122 msec
for firing 20B to 202 msec for firing 20E.

8. Fuel pump NPSH was well below the engine manufacturer's
minimum model specification line throughout the duration of
partial transition firing 20E. Satisfactory engine start tran-
sient characteristics were obtained.
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Time Index Lines, l-sec Intervals

He Control, Start Tank Discharge Delay
Timer, ASI and GG Sparks on Ignition-
Bleed Valves Close O Phase Control Solenocid Energized

Oxidizer Dome and GG
Oxidizer Purge Flow

Engine Start ;

oMain Fuel Yalve Open
0 AS] Oxidizer Valve Open
Main Fuel and ASI t

Propellant Flow WASI Ignition Detected
Fuel Temperature OK Signaljep®e | I I

W¥Start Tank Discharge Delay Timer Expires

Ignition-Phase Timer Ener- STDV Delay 0,640 t 0.030 sec

gized 0.450  0.030 sec v
« STDV Open
=4 GH, Flov

Pum —_—
PiBulldup ——— Bypass Flow through Normally Open

Oxidizer Turbine Bypass Valve
Ignition-Phase Timer Expires \ 4

¥ain-Stege Signal ;Hain-stuge Control, Solenoid Energized

-Er? 1zed, Timer Energized
Purge Control Valve Closed o sP’ka De-Exsrgized, 3_?;0 + 3_25 ec
=2 STDY Closed
B MoV Starts to Open

s [ T T T

OGG Yalves Open | I
MOV Full Open

Main Oxidizer Flow

GG Propellant Flow

Oxidizer Turbine Bypass Valve Closed o
Main-Stage OK Signal

v
90-percent ThrustWV
ASI and GG Sparks De-Energized | | v

a. Start Sequence

Signal Time, sec o 0.1 0.2 0.3 0.4 0.5 0,6 0.7 0.8 0,9 1.0
Cutoff Signal v
GG Valve Close (Oxidizer) (m]
GG Valve Close (Fuel)

AS1 Oxidizer valve Close

MOV Close

Main Fuel Valve Close 1

Oxidizer Dome Purge and GG 1
Oxidizer Purge on

He Control Solenoid v
De-Energizes

Bleed Valves Open (-}

b, Shutdown Sequence

Fig. 7 Engine Start and Shutdown Sequence
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Time Index Lines, l-sec Intervals

Fire Command
Prevalves Open Signal

Recirculation Pumps
Off Signal

Recirculation Valves
Close Signal

Engine Start Signal

Valve Open Signal

Start Tank Discharge 1[&2

lNominal Occurrence Time (Function of Prevalves Opening Time)
2)-sec Fuel Lead (S-II/S-V and S-IVB/S-IB)
38-sec Fuel Lead (S-IVB/S-V and S-IB Orbital Restart)

c. Normal Logic Start Sequence

Time Index Lines, 1l-sec Intervals

Fire Command
Prevalves Open Signal
Engine Start Signal Aiﬁ
Oxidizer Recirculation

Pump Off Signal

Fuel Recirculation
Pump Off Signal

Recirculation Valves
Close Signal

Start Tank Discharge Cﬁ

Valve Open Signal

13_sec Fuel Lead (S-IVB/S-V First Burn)

d. Auxiliary Logic Start Sequence

Fig. 7 Concluded
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TEMPERATURE, °F
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SATURATION LINE =
-280 |-SYM  CODE ~<SAFE START
L A 20A - ENVELOPE
[ o 208 iz
o a0c
0 20D P
" 74 20E //
-290 |- START
- TARGET 200
CIZ | 20A) =
20€ 203%
300 20C.
30 40 50
PRESSURE, PSIA
a. Oxidizer Pump Inlet
-415 —
SAFE START ENVELOPE LT
~a
// "
SATURATION LINE A
L~ L~
L~ /
-420 ~
= 20D 20C
9 el
_ZDE_ZOA}
208
-425
20 30 40

PRESSURE, PSIA

b. Fuel Pump Inlet

Fig. 8 Engine Start Conditions for Pump Inlets, Start Tank, and Helivm Tank
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TEMPERATURE, F

TEMPERATURE, %F

Fig. 8 Concluded
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THERMAL PROPERTIES OF A -] -
GASES, " NBS CIRCULAR / \"SAFE START
1000 1100 1200 1300 1400 1500
PRESSURE, PSIA
c. Start Tank
-100 (—
1
i
..zm —
1 Iz
! 0
-300 i
PRESSURE RANGE FOR ENG INE START —;
1600 2000 2400 2800 3200 3600
PRESSURE, PSIA
d. Helium Tank



PUMP SPEED, RPM X 10-3

PUMP SPEED. RPM X 1073

281
244
201
161

124

101

@

PRESSURE. PSIR

PRESSURE, PSIA

AEDC-TR-68-101

1400
1200
1000 FUEL PUMP SPEED, NFP-1PF—— i
800 A < s
// //
500 - 4 —
//FUEL PUMP DISCHARGE A
100 | PRESSURE, PFPD-2—| > FUEL INJECTOR
"ap'y -
] A . PRESSURE, PFJ-2
/ PRESSURE, PC-3
P/’
0
1 2 3
TIME, SEC
a. Thrust Chamber Fuel System, Start
O —T—T—T17 T T T T 1
NOTE: OXIDIZER PUMP SPEED, NOP-1P, WAS
NOT RECOVERED FOR THIS FIRING.
800
(A
500 = ==
/
// 7
400 | OXIDIZER PUMP DISCHARGE ,7 y
PRESSURE, Popo-z———7' K‘——-CHAMBER
L/ PRESSURE, PC-3
i
200 ~A \...___N_JAVA//
0 1|
0 1 2 3
TIME, SEC

b. Thrust Chamber Oxidizer System, Start

Fig. 9 Engine Transient Operation, Firing 20A

37



AEDC-TR-68-101

287

241

PUMP SPEED, RPM X 103

107

PUMP SPEED, RPM X 103

201

16 1

121

PRESSURE, PSIR

PRESSURE, PSIA

1400
L[]
\ | ,~FUEL INJECTOR PRESSURE, PF)-2.
1000 TN
800 I -L\“ \| \——T—FUEL PUMP SPEED, NFP-1P
‘N'-\~
600
— FUEL PUMP DISCHARGE PRESSURE, PFPD-2
v
400
|~ CHAMBER PRESSURE, PC-3!
200 _—ENG INE CUTOFF SIGNAL
RG]
0 —
32 33 34 35
TIME, SEC
c. Thrust Chamber Fuel System, Shutdown
1000 1 | 1 ] 4 1
\-—— OXIDIZER PUMP DISCHARGE
PRESSURE, POPD-2
800 |- \\T
\e CHAMBER PRESSURE, PC-3|
600 1\
1A\
‘ \ NOTE: OXIDIZER PUMP SPEED, $
400 NOP-1P, WASNOT  —
\w RECOVERED FOR THIS
| FIRING.
200 |_ENGINE N\
CUTOFF -
| SIGNAL \ — |
WN\_’L
0 i —
32 33 34 35
TIME, SEC

d. Thrl:lsf Chamber Oxidizer System, Shutdown

Fig. 9 Continved
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1200 1
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800
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~GAS GENERATOR FUEL INJECTOR
| PRESSURE, PFIGG-2
T
\ //
{ ~GAS GENERATOR )4
\ /_OXIDIZER INJECTOR |
\ / PRESSURE, POJGG-2
\
/ / .
/ € ——— MAIN OXIDIZER VALVE _|
W A // POSITION, LOVT
N/ VA
e
/
0 1 2 3
TIME, SEC

. Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start

—GAS GENERATOR OUTLET
TEMPERATURE, TGGO-1A -
Pt
\ r
\ \ A
\ / \—' Va
i GAS GENERATOR CHAMBER |
/ PRESSURE, PCGG-2
\| J P
Ny /
N
o
0 1 2 3
TIME, SEC

f. Gas Generator Chamber Pressure and Temperature, Start

Fig. 9 Continued
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TEMPERRTURE, OF

2600 T

24001

2000

16001

1200 +

800 1

400 t

-4p0-+

PRESSURE, PSIA

PRESSURE, PSIA

800 —
\
0 \e {GAS GENERATOR OXIDIZER
{ INJECTOR PRESSURE, POJGG-2
600
\\
500
\
00 — GAS GENERATOR FUEL
\ INJECTOR PRESSURE, PFJGG-2
300
\.
200 \\
\ N —
100 \—
[ENG INE CUTOFF SIGNAL ~—]
. L |
32 33 34 35
TIME, SEC
g. Gas Generator Injector Pressures, Shutdown
800
700
600
1GAS GENERATOR OUTLET
P GO-1A
500 [] TEMPERATURE, TG
\/
v
20 GRS GENERATOR CHAMBER
PRESSURE, PCGG-2
200
100 ENGINE CUTOFF S IGNAL
0
32 33 3y 35

TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown

Fig. 9 Concluded
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PSIR

CHAMBER PRESSURE,

1000 ¢
800 +

600 +

400 -

200+

CELL PRESSURE, PSIR

1.0

R
CHAMBER PRESSURE, PC-3~
0.8
/
0.6 vl " MIXTURE RATIO SHIFT
N " IV
0.4
= TEST CELL PRESSURE, PA-2
0.2 |
— ENGINE START SIGNAL
T 11T
0.0 , ENGINE CUTOFF SIGNAL L .
-10 0 10 20 30 4o
TIME, SEC

Fig. 10 Engine Ambient and Combustion Chamber Pressures, Firing 20A
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TEMPERATURE, OF

TEMPERATURE, OF

100
117 11|
Tl CONDITIONING TARGET -40 * ‘2‘0°F -\
] - N
N N\
0 T \
. N
I~ 3
-100
g |_NOTE: PROPELLANTS IN ENGINE FOR 48 MIN PRE-FIRE
-40 -30 -20 -10 0
TIME, MIN
a. Moin Oxidizer Yalve Second-Stage Actuator, TSOVC-1
100 L] ] [} 1
0XIDIZERTURBINE7
START TANK ) D5
50 )
FUEL TURB INE—-
0 TFTD-2 ~J E,
CROSSOVER pucT-/ TFT0-3
} | } | }
5o /- CONDITIONING TARGET -100 * 20F
[T | e / I
== 7 T 7 7 X777,
-100 ?_ ZZ L SR ama A
TFTD-3
-150
-2y -20 -16 -12 -8 -y 0
TIME, MIN

b. Crossover Duct, TFTD

Fig. 11 Thermal Conditioning History of Engine Components, Firing 20A
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TEMPERATURE, OF
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100
0 \\
-100 \\
\\
-200 =~
\
\/ po
/1
_300 CONDIT]ONING TARGET, 250 5%
=24 -20 -16 -12 -8 s | o
TIME, MIN
c. Thrust Chamber Throat, TTC-1P
100
0 -
CONDITIONING TARGET 50 + 25%
-100
-200
-40 -30 -20 -10 1]

TIME, MIN
d. Start Tank Discharge Valve, TSTDYOC
Fig. 11 Concluded
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PUMP HEAD, HF-1, FEET X 103

uo

30

20

10

NOTES:

1. STALL INCEPTION LINE 1S BASED ON

TOTAL HEAD RISE ACROSS THE PUMP. N
THE DATA PLOTTED ARE PUMP DIS- s e
CHARGE PRESSURE CONVERTED TO HEAD, %
2. DATA FROM FM SYSTEM /%/ %
2

FLOW RATE, QF-2, GPM X 1073

a. Fuel Pump Discharge Head-Flow Transient, Start

Fig. 12 Fuel Pump Start Transient Performance, Firing 20A
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FUEL FLOW RATE, QF-2, GPM

o

NET POSITIVE SUCTION HERD (NPSH}, FT

AEDC-.TR-68.101

10,000
l l

CLOSEST APPROACH TO STALL
(450-GPM MARG IN)

8,000 . /
6,000 | 1 N—"
b OXIDIZER DOME PRIME 32-MSEC VSC
1| _PERIOD
/
4, 000 /
2, 000
NOTE: DATA ARE FROM FM SYSTEM.
. | |
0 0.5 1.0 15 2.0 2.5 3.0
TIME, SEC

b. Fuel Pump Discharge Flow Transient, Start

1100 |1T14r1|ir
1000 L OXIDIZER DOME PRIME T_—SZ-MSEC VSC PERIOD

900
800
700
600
500
400

300 A
—] SO =N EPeVAoN v

100 -
- MINIMUM MODEL SPECIFICATION NPSH {REF. 8)

-100
TIME, SEC

c. Fuel Pump NPSH during Start Transient
Fig. 12 Concluded
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1000

PRESSURE, PSIA

PRESSURE LEVELS DIFFER
BECAUSE OF 17 PERCENT
LARGER OTBY NOZZLE AND
HEAVIER TURBINE WHEELS

~— J-1801200 | e
~== J4-1801-13A
|
FUEL PUMP DISCHARGE r
PRESSURE, PFPD-2 l
OXIDIZER PUMP DISCHARGE
PRESSURE, POPD-
” m 20
= / CHAMBER PRESSURE, PC-3
A J /' | D
Nolm DATA Afi FROM Fb|1 SYSTEM.
0 1 2 3
TIME, SEC

a. Oxidizer and Fuel Pump Discharge Pressures, Thrust Chamber Pressures

POSITION, PERCENT OPEN

o 8 &8 8 8 8

TEMPERATURE, °F

TR EEERERE

-

PRESSURE, PSIA

- 8 88 88 B 8

PUMP SPEED, RPM X 1073

N F ) R T — J4-1801-20A
-GAS GENERATOR CHAMBER ~== J4-1801-13A
ms?uta PCGG-2 | I ]
! GAS GENERATOR OUTLET
| |} TEMPERATURE, T660-1A ac
AT 1 ¥
) : X - dﬁ/ o ra -
\ \Q_s-'} A% 5
\ T 7
\ | A ||
\ A4 " [“-MAIN OXIDIZER VALVE
POSlTI(N[ LOvT
- .
] L[]
0 1 2 3
TIME, SEC
b. Gas Generctor Chamber Pressures and Temperatures
~ F REVISECZ—/
e—
/-—— 460 REVISEC? //"
{ OXIDIZER PUMP
) SPEED, NOP-1P
/
T~
] NOTE: DATA ARE FROM FM SYSTEM.
) 1 2 3

TIME, SEC

c. Oxidizer Pump Speed, Firing 13A

Fig. 13 Start Transient Comparison, Firings 20A and 13A
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PUMP SPEED, RPM X 10-3

PUMP SPEED., APM X 1073

28

a4t

20+

16 ¢

121

PRESSURE. PSIR

10T

PRESSURE, PSIRA

1400

1200

1000

800

600

400

200

1000

80O

600

uoo

200

AEDC.TR.68-101

b. Thrust Ch

TIME, SEC

amber Oxidizer System, Start

FUEL PUMP SPEED, NFP-1P —~_ L1
N L~
P
| FUEL PUMP DISCHARGE Pl
PRESSURE, PFPD-2 S — "
T 1 7 [
/ / /,//
I ] = FUEL INJECTOR
7. -
/ /: pZ PRESSURE, PFJ-2
/ VY A CHAMBER
] PRESSURE, PC-3
Ilg///
0 i 2 3
TIME, SEC
6. Thrust Chamber Fuel System, Start
OXIDIZER PUMP DISCHARGE PRESSURE, POPD-2~\
N
ﬁ?“
P ] -3
7
/-—’
|__OXIDIZER PUMP SPEED, A/ L)
NOP-LP (FROM FM SYSTEM) -\ i 1
; P4 // A4 CHAMBER
— 4 PRESSURE, PC-3
Y — / L/
Al-‘_“\ J\/j//
[ ——
J Jr/
]
1 2 3

Fig. 14 Engine Tronsient Operation, Firing 20B
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PUMP SPEED, RPM X 10°3

PUMP SPEED, RPM X 1073

28 -

24 1

201

16 ¢

e+

PRESSURE, PSIA

107

PRESSURE, PSIA

1400
1200 \\
1650 \ | —FUEL PUMP DISCHARGE PRESSURE, PFPD-2
\ [~ FUEL PUMP SPEED, NFP-1P
800
- N 1
— —] ;
600 \
A
400 \/1 | _—FUEL INJECTOR PRESSURE, PFJ-2
__~ CHAMBER PRESSURE, PC-3
200 )%
_\_|—ENGINE CUTOFF SIGNAL
-
0
7 8 9 10
TIME, SEC
c. Thrust Chamber Fuel System, Shutdown
1000
NANI\Ne- OXIDIZER PUMP DISCHARGE
800 \ PRESSURE, POPD-2
— <]
e CHAMBER PRESSURE, PC-3
600 -
\ NOTE: OXIDIZER PUMP SPEED, _|
\ \ NOP-1P, WAS RECOVERED
400 ON FM SYSTEM BUT NOT
\ TRANSLATED.
s i
\V,_ ENGINE CUTOFF SIGNAL
200 <
R SN
F V\A"“-‘--..-. s
0
7 8 9 10
TIME, SEC

d. Thrust Chamber Oxidizer System, Shutdown
Fig. 14 Continved
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800
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00 /~GAS GENERATOR FUEL
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600 Y. ——
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_ 1007 & s00 // va
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5 g0l o uoo \ GAS GENERATOR 7
- & \ \ OXIDIZER INJECTOR
§ § \ | PRESSURE, POJGG-2
oo o.
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- 20" 100 7
8 R
S S I
0 1 2 3
TIME, SEC
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THE DATA PLOTTED ARE PUMP DIS-
CHARGE PRESSURE CONVERTED TO HEAD.

2. DATA FROM FM SYSTEM

|

FLOW RATE, QF-2, GPM X 1073

a. Fuvel Pump Discharge Head-Flow Transient, Stari

Fig. 28 Fuel Pump Start Transient Performance, Firing 20D
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a. Thrust Chamber Fuel System, Start and Shutdown

b. Thrust Chamber Oxidizer System, Start and Shutdown

Fig. 29 Engine Transient Operation, Firing 20E
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Fig. 30 Engine Ambient and Combustion Chamber Pressures, Firing 20E
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Fig. 31 Thermal Conditioning History of Engine Components, Firing 20E
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a. Fuel Pump Discharge Head-Flow Transient, Start

Fig. 32 Fuel Pump Start Transient Performance, Firing 20E
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TABLE |

MAJOR ENGINE COMPONENTS

AEDC-TR-68-101

Part Name P/N S/N
Thrust Chamber Body 206600-31 4072755
Thrust Chamber Injector Assembly 208021-11 4071421
Fuel Turbopump Assembly 459000-171 4078258
Oxidizer Turbopump Assembly 458175-81 6645876
Start Tank 303439 0038
Augmented Spark Igniter 206280-81 4078806
Gas Generator Fuel Injector and Combustor 308360-11 2008734
Gas Generator Oxidizer Injector and Poppet Assembly 303323 4076827
Helium Regulator Assembly 556948 4072709
Electrical Control Package 502670-11 4078604
Primary Flight Instrumentation Package 703685 4077391
Auxiliary Flight Instrumentation Package 703680 4077313
Main Fuel Valve 409120 4062472
Main Oxidizer Valve 409973 4077271
Gas Generator Control Valve 309040 4076768
Start Tank Discharge Valve 306875 4081218
Oxidizer Turbine Bypass Valve 402930 4093026
Propellant Utilization Valve 251351-11 40681732
Main-Stage Control Valve 555767 8284307
Ignition Phase Control Valve 555767 8284305
Helium Control Valve NA5-27273 340919
Start Tank Vent and Relief Valve 557818 4062234
Helium Tank Vent Valve NA5-27273 340918
Fuel Bleed Valve 309034 4077233
Oxidizer Bleed Valve 309029 4076750
Augmented Spark Igniter Oxidizer Valve 308880 4089946
Pressure-Actuated Purge Control Valve 557823 4075865
Pressure-Actuated Shutdown Valve Assembly 557817 4067200
Start Tank Fill/Refill Valve 558000 4072899
Fuel Flowmeter 251225 4076564
Oxidizer Flowmeter 251216 4077137
Fuel Injector Temperature Transducer NA5-27441 12350
Restartable Ignition Detect Probe NAS5-27298T2 329
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SUMMARY OF ENGINE ORIFICES

TABLE Il

Orifice Name -Part Number | Diameter, in. Date Effective Comments
Gas Generator Fuel RD251-4107 0. 468 —-- 1
Supply Line
(:ras Gen(?rator Oxidizer RD251-4106 0. 268 . 1
Supply Line
Oxidizer Turghe RD273-8002 1. 430 November 17, 1967 None
Bypass Valve Nozzle
Oxidizer Turbine
Exhaust Manifold RD251-9004 10. 00 1
Main Oxidizer Valve 556443-0275 0. 0275 December 9, 1967 None
Closing Control Line
Augmented Spark Igniter | 050, 0. 150 October 20, 1967 None

Oxidizer Supply Line

Ynstalled before Engine Delivery to AEDC

101-89-¥1-2Q3V
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TABLE 1l
ENGINE MODIFICATIONS
(BETWEEN TESTS J4-1801-19 AND J4-1801-20)

Modification Completion Description of Modification
Number Date
RFD1-41-1-67 December 9, 1967 Reorificing of main oxidizer valve to
1350 f;g msec second-stage ramp time.

RFD-82-67

(1) Provide additional helium purge to
fuel turbine seal - set to indicate
30 psia on fuel turbine seal purge
line - to be turned on at cutoff for
30 min after each firing.

December 12, 1967

(2) Install thermocouple on turbine seal
drain line.

l1pFD - Rocketdyne Field Directive

101-89-44-2Q3V
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TABLE 1V

ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE

Pncumatic System)

2600 - 7000 scfm

Time, min
L - 80 t-170 t - 60 t-50 t - 40 t-30 t-20 t-10 t-0 t+ 10
Turbopump! and Gas | leliom, 82 - 125 py1a I I
Generatar rgo 50 - 200°F 2-min Mimmum Following
(Purpn M 1d (N 1) 6 sefm Recirculation
Systrnr) __ | at Customer Connect he——F Drop 110 3 min —e |
e — B,
Oxidazer Dome and
Gas Guireratar Liquid | Nitrogen, 400+ 25 psyg
Oxyguen Injecctor 50 - 200°F m
{Engine P ) 230 scfm
System) :
T

Oxdizer Dom Nutrogen: 400 - 450 peig &7 ]
(Facilily Lane t 100 - 200°F W
Port COA3) (Nominal] 200 scfm =

lur 400 & 26 peig
Intermediate Seal Ambient
Cavily (Engine Tempersiura

Hellum, 40 - 80 paig

Thrust Chambe 50 - 200°F -
Jacket 2 (Nominal) 60 scfm [ onc.:;m'
Customer Connect) [
‘p:ﬂ Z Hebum; 12 - 14 psig 7z
30 - 200°F

(Nominall} 10 scfm A
Thrust Chambe HAellwn, 1000 paig
Tumpe: uture -300°F to Ambient 27/ . //j
Conditioning 10 - 20 1bp, /rnin | /
Pump Inlet Oxadizer, 35 to 48 paia
Prowsurs und -298 to -280°F
Temperature Fuel, 28 to 46 pyia
Conditioning =424 to -416°F

Hydrogen; 1200 to 1400 paia
-300 to - 140°F

Helium, 1700 to 3250 pula
-300 to - 140°F

Helium; -300°F

Conditioning

Temperature 2
Conditioning 10 Ambient
?nm ﬂzid::-r Vlh-u -300°F i
‘ture Conditiont to Ambient
Start Tank Discharge

Ambient
Yolve Felium, Tempersiure

1Addityonal helium purge to fuel turbine seat set to 30 psias on (usl
turhme seal purge line - on at cutoff for 30 min after each furlmy.

2 onditioming temperature to be maintainud for the last 30 min of pre-fire.

10L-89-¥1-2Q3V
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TABLE V
SUMMARY OF TEST REQUIREMENTS AND RESULTS

20A 208 20C 200 20E
Firing Number, J4-1901-20
Target | Actual Target | Actual Target | Actual Target | Actus Target Artual
Firing Date/Time of Day, hr 12-13 67 1059 |12-14-67 1207 J12-14-67 1307 |12 BT 1404 §12-TI-67 1452
Preasure Altltude at Engine Start, ft B 104, 000 - 110, 000 - 111, 000 - 110, 000 - 112, 000
Firing Duration, sec® 32,5 32,574 1.5 7.580 705 7.588 7.5 7.500 . 0.875
1 +1 +1 KL
Fuel Pump Inlet Conditions Pressure, pala 5.3 0 28.2 25.5 o 25.6 38.0 38.2 20,041 29,3 218 21.7
st Engine Stert Temperature, °F ||-421.4 2 0.4 4211 4214204 -421.2 421,42 0.4 4214 421,42 0.4 -421.4 S421.420.4 -421.3
+1 o) P +1
Oridisen PamEAAE Presaure, pala 33.0%} 33.8 33,01 13, ¢ 33.0%, 33.6 M0t 3.9 28.041 28.2
Conditions st Engina Start Temperature, °F [|-294.5 ¢ 0.4 -204.5 -284.5 2 0.4 -204.8 294,52 0.4 -294.8 +294.5¢ 0.4 -294.8 295,04 0.4 -298.0
e Prassure, psis 1250 £ 10 124; 1200 + 10 1198 1200 £ 10 1204 1250 + 10 1240 1400 £ 10 1401
IR Ing: SLeus Tempersturs, °F -1402 10 145 -200 2 10 -209 -200 10 204 -250% 10 -249 -240 % 10 -242
el g Prassura, pala 2113 --- 2mn 2173 2180 - 2003
at Englne Start Tempersture, °F e, -145 - -204 .- -203 -246 -240
Thrust Chamber Temperature Throst -250 25 -223 -2504 28 -257 -150 129 -158 -200 25 -200 -250 2 26 -234
Conditlons st Engine Start, °F P 0] = y e — 170 — 248 = 285
TFTD-2 -100 75 -95 -100 1) -98 -100 1% -7 0% 25 12 5025 33
Crossover Duct Tempersture = = = =
at Engine Start, *F® SRR L0 i 3 1
TFTD-8 -97 -98 94 -8 37
Main Oxidlzer Valve Control Line Temperature j . 8 s 27 . 1 9 o 18 —— -24
at Engine Start, °F
Main Oxidizer Valve Second-Stags Actustor +0 = cant ? 3 TR .70 -100 £ 50 -147 o -153
Tamparaturs st Engine Start, °F <40 o9 -84 40 o0 88 0 o9
Fuel Lesd Time, sec® 1.0 1. 009 1.0 1,002 1.0 1. 000 1.0 1,002 1.0 1. 007
Propellant In Engine Time, min 30 Minimumd®| [T 30 Minimurdd} 30 30 Minimum®)| 31 30 53 30 3
FPropellant Recirculation Time, min 10 10 10 10 10 10 10 10 10 14
Prevalve Sequencing Logic Normal Normal Normal Normal Normal Normal Normal Normal Normal Normal
TOBS -1 Above 100 38 Above -100 28 Above -100 1 Above -100 -5 Above -100 -5
Gas Generator Oxidizer Supply Lina 3 + - +
Temperatura st Engine Start, °F TORS-2A 1 9 l 23 [ 21 l 13 l L4
TOBS -3 .- 4 0 - -1 - -8 --- EY)
Start Tank Discharge Valve Opening Control
Temperature at kngine Sturt, °F 50+ 25 44 502 25 35 50% 25 k! 50 + 25 38 50 ¢ 25 34
Vibration Safety Count Duration (msac) and = az g o= 134 i 80 =eo 143 @O None
Occurrance Time {(sec) from tg ogo 1.026 === 1,032 --- 1,000 === 0.988 --- ---
yils
Gae Generator Outlat initie1 Peak --- 1230 - 1400 - 990 - 1630 .- Afar Cotoff
Tempersture, °F ksecond Peak — None None e Nona - None oo None
Main Chamber Ignition (PC-3 v 100 pala)
Timas, aac (Ref. to) .- 1.028 LT 1. 033 - 0.997 e 0.993 - -
Main Oxldjzer Valve Second-Stage Initiai “oo 0.954 %3 0.978 S 0.983 oo 1.009 =to coa
Movement, aec (Ref, tp)!
Main-Stage Pressure No. 2 "0.K." scc(Ref. todD oo 1.830 - 1,954 --- 1,737 --- 1.710 - e
550-paja Chember Presaure Altained, sec
<Ref.p(o) - 2. 208 - 2.241 --- 2.083 - 2,088 - .-
Propellant Utilization Valvs Positlon at Null Nuly Null Nuli Null Nuil Null Null Nult Nuul
Engine Start  Engine Start/tg + 10 sac losed losed .- --- b - e 50 oo

Opata raducad from oscillogram.
[t i to be

within limita for 1ast 13 min before engine atart,

eV.rled to obtatn desired main oxidizer valva sscond-stage actustor tempersture limita at engina start.

10L-89-31-2a3V



TABLE VI

ENGINE YALVE TIMINGS

Start
' Main Oxldizer Valve Main Oxldizer Valve Gas Generstor Gas Generator Oxidizer Turbine
Stsrt Tank
Firing sniiDisshargeVEINe el Lo First Stage Second Stage Fuel Poppet Oxidizer Poppet Bypasa Valve
Number
J4-1801- Time {[Valve | Valve Time [Valve | Valve Time |Valve] Valve Time {Vsive | Vsive | Time |Vsive | Valve Time [Valve | Valve Time |[Valve| Valve Time [Valve| Valve
of Delay |Opening of Delay | Closing of Delay | Openlng of Delay |Opening of Delay |Opening of Delay |Opening of Delay |Opening] of Delay | Closing
Opening{Time, | Time, | Closing |Time, | Time, | Opening | Time,| Time, |Opening | Time,| Time, |Opening |Time, | Time, |Opening [Time, | Time, JOpening |Time,| Time, } Closing [Time,] Time,
Signal | sec sec Signal aec sec Signal sec sec Signal aec sec Signal sec sec Signal aec sec Signal aec aec Signal | sec sec
A 0 0.139 | 0.125 | 0.450 |0.004| 0.236 | -1.009 [0.055] 0.061 [ 0.450 }o.056 | 0.051 | 0.450 Jo.504 | 1.725 | 0.450 Jo.111 | 0.035 § o.450 [0.186] 0.083 | 0.450 [o.228] 0,277
B ] 0.139| 0.121 0.447 |0.083| 0.237 -1,002 |0.055) 0.064 0.447 {0.058 | 0.051 0.447 Jo.51 1.691 0.447 jo.111 | 0.030 0.447 Jo.183[ 0.084 0.447 |0.223{ 0.277
C 0 0.138] 0.122 0.447 J0.082| 0.237 § -1.000 |0.055| 0.065 0.447 (0,058 | 0.048 0.447 Jo, 518 | 1.737 0.447 [0.112 | 0.028 0.447 }jo.182] 0.080 0.447 |0.233] 0.280
D 1] 0,140 0.123 0.446 } 0,089 | 0.236 ~1,002 |0.057| 0.066 0.448 10.058 | 0.058 0.446 }0.563 | 1.830 0.446 |0,118 | 0,030 0.446 ]0.184{ 0.067 0.446 |o0.228] 0.278
E ] 0.145| 0.134 0.447 {0.088| 0.233 -1,007 |0.056| 0,068 0.447 |0.057 | 0.058 0. 447 o - 0. 447 {0.117 { 0.030 0,447 o.185] 0.084 0. 447 Jo.283] 0.213
Pre-Flre
Finad Sequence| ©  [0-095] 0.110 | 0.447 Jo.08s [ 0 248 ) -1.000 fo.042] 0.070 | 0.447 [0.050 [ 0.055 | 0.447 0.495 | 1.355 | 0.447 [0.080 | 0.030 } 0.447 o.148] 0.067 | 0.447 |0.230| 0.260
©
o
Shutdown
Gas Generator Gaa Generator Oxidizer Turbine
Firing Main Fuel Valve Main Oxidizer Valve Fuel Poppet Oxldizer Poppet Bypass Valve
Number
J4-1801- Time [Valve | Valve Time [Valve { Valve Time Valve| Valve Time |Valve | Valve Time |Valve | Valve
of Delay |Closing of Delay [Closing of Delay { Closing of Delay {Closing of Delay {Opening
Closing |Time, | Time, |Closing {Time, | Time, | Closing |Time,| Time, ] Closing |Time,| Time, [Opening |Time, | Time,
Signal | aec aec Signal aec sec Signal sec aec Signal sec sec Signal aec aec
A 32,5741 0.123] 0,308 ] 32.574 |0.060 | 0.1863 32.574 [0.053 ]| 0.019 32.574 |0.030( 0.011 | 32.574 |0.232 1 0,450
B 7.588 | 0.128) 0.3%0 7.588 10.061 { 0.158 7.588 [0.056 | 0.026 7.588 | 0.033| 0.017 7.588 [0.227 | 0.453
C 7.588 | 0.132| 0.338 7.588 [0.058 | 0.159 7.588 10.057 | 0.024 7.588 | 0.029| 0.018 7.588 |0.233 | 0.4862
D 7.580 | 0.140| 0.363 7.580 0.064 | 0.181 7.580 0.058 | 0.028 7,580 | 0.033| o0.018 7.580 |0.213 | 0.311
E 0.875] 0.110] 0.313 0.875 |0.032 | 0.034 0.875 ]0.073 | 0.034 0.875 | 0.038] 0.022 0.875 |0.044 | 0.380
Pre-Flre
Finsl Sequence = 0.083] 0.238 seq 0.052 | 0,123 oco 0.070 | 0.041 c=a 0,058 o0.021 s 0.208 | 0.542
Notea: 1. All valve signal times are referenced to tg.
2. Valve delay time is the time required for initlal valve movement after the valve "open” or valve “closed” solenoid has been energized.
3. Final seq check is d d without propellants and within 12 hr prior to testing.
4. Data reduced from oscillogram,

101-89-¥1-02Q3V
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TABLE VI

MAIN OXIDIZER VALVE TORQUE COMPARISONS AT INITIAL SECOND-STAGE MOVEMENT

Pressure Data at

Torque on Valve Gate,

Firing Time of Initial Initial Movement, psia in. -1bg
Number Movement, sec ' Net Opening
’ (Ref. tq) PC-3 | POTD-2 | PHRO-1A | POVCC | Actuator | Hydraulic . s
1 T (Frictional)
20A 0. 954 35.5 175 398 336 197 108 89
20B 0.978 32.5 171 402 334 258 107 151
20C 0.963 40.4 202 401 336 220 124 96
20D 1.009 109 200 .401 337 215 70 145

Note: See Appendix IV for torque calculations.

Lol-g9-3L-2Q3YV



AEDC.TR.68-101

TABLE VIl

ENGINE PERFORMANCE SUMMARY

Firing Number J4-1801-20A Site Normalized
Time, sec 29.5 29.5
Thrust, lbf 225, 400 223, 600
Overall Cl’}amber Pr‘essure, psia 757.8 748.6
Engine Mixture .Ratlo 5.669 5.670
Performance Fuel Weight Flow, lbm/sec 79.2 78.2
Oxidizer Weight Flow, lby/sec 449.0 443,17
Total Weight Flow, lbpy,/sec 528, 2 521.9
Thrust Mixture Ratio 5.874 5. 877
Chamber Total Weight Flow, lbm/sec 521.6 515.4
Performance Characteristic Velocity, ft/sec 7954 7952
Pump Efficiency, percent 73.0 73.0
Pump Speed, rpm 26, 230 26, 089
Fuel
Turbopump Turbine Efficiency, percent 59.0 58.9
Performance Turbine Pressure Ratio 7.23 7.23
Turbine Inlet Temperature, °F 1281 1266
Turbine Weight Flow, lbm/sec 6.61 6.56
Pump Efficiency, percent 80.3 80.3
Pump Speed, rpm 8459 8401
Oxidizer
Turbopump Turbine Efficiency, percent 46.9 46,7
Performance Turbine Pressure Ratio 2. 64 2.64
Turbine Inlet Temperature, °F 858 846
Turbine Weight Flow, lbpy/sec 5.86 5.82
Gas ; ,
Generator Mixture Ratio 0.088 0.979
Perf Chamber Pressure, psia 642.5 640.6
erformance
Notes: 1. Site data are calculated from test data.
2. Normalized data are corrected to standard pump inlet
and engine ambient vacuum conditions.
3. Input data are test data averaged from 29 to 30 sec.
4., Site and normalized data were computed using the Rocketdyne

PAST 640 modification zero computer program,
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AEDC.TR-68.101

APPENDIX 1l
INSTRUMENTATION

The instrumentation for AEDC test J4-1801-20 is tabulated in
Table III-I, The location of selected major engine instrumentation
is 'shown in Fig. III-1.
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AEDC.TR-68-101

AEDC
Code

1CC
1 (o}

EECL
EECO
EES
EFBVC
EFJT
EFPVC/O
EHCS
EID
EIPCS
EMCS
EMP-1
EMP-2
EOBVC
EQOPVC
EOPVO
ESTDCS

RASIS-1
RASIS-2

RGGS-1
RGGS-2

QF-1A
QF-2
QFRP
Q0-1A
Qo-2
QORP

LFVT
LGGVT
LOTBVT
LOVT
LPUTOP
LSTDVT

TABLE !ll-1
INSTRUMENTATION LIST

Tap Micro- Magnetic Oscillo- Strip X-Y
Parameter No. Range SADIC Tape graph Chart Plotter
Current amp
Control 0to 30 x
Ignmtion 0 to 30 X X
Event
Engine Cutoff Lockin On/Oftt x x
Enginc Cutoff Slgnal On/Off x x x
Engine Start Command On/Oft x x
Fucl Bleed Valve Closed Limit Open/Closed x
Fuel Injector Temperature On/o!t x x
Fuel Prevalve Closed/Open Limit Closed/Open X x
Hellum Control Solenoid On/Oft x x
Igntion Detected Onjott x x
Ignition Phase Control Solenoic On /OfL x x
Main-Stage Control Solenoid On/Off x x
Main-Stage Pressure No, 1 On/Off x x
Main-Stage Presaure No, 2 On/Ott x x
Oxidlzer Bleed Valve Closed Lamit Open/Cloaed x
Onxidizer Prevalve Closed Limit Closed x X
Oxidizer Prevalve Open Limit Open x x
Start Tank Dlscharge Control
Solenold On/Oft x X x
Sparks :
Augmented Spark Igniter Spark
No. 1 On/Of! x
Augmenteq Spark Ignlter Spark
No. 2 x
Gas Generator Spark No. 1 On/oft x
Gas Generator Spark No, 2 On/Oft X
Flows Epm
Fuel PFF D to 5000 X x
Fuel PFFA 0 to 9000 x x x
Fuel Recirculatlon 0o 160 x
Oxidlzer POF 0 to 3000 x
Oxidizer POFA 0 to 3000 x x
Oxidizer Reclrculation 0 to 50 x x
Position Percent Open
Main Fuel Valve 0 to 100 x X
Gas Generator Valve 0to 100 x x
Oxidizer Turbine Bypasa Valve 0 to 100 x x
Maln Oxldizer Valve 0to 100 x x x
Propellant Utilization Valve 0to 100 x x x
Start Tank Discharge Valve 0to 100 x x
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AEDC
Code

PA1l
PA2
PA3
PC-1P
PC-3
PCGG-2
PFASII

PFJ-1A
PFJ-2
PFJGG-1A
PFJGG-2
PFM1
PFOI-1A
PFPC-1A
PFPD-1P
PFPD-2
PFPI-1
PFPI-2
PFPI-3
PFPS-1P
PFRPO
PFRPR
PFST-1P
PFST-2
PFUT
PFVI

PFVL

PHECMO
PHEOP

PHET-1P
PHET-2
PHRO-1A
POBSC
POBV

POJ-1A
POJ-2
POJGG-1A

TABLE lll-1 {Continued)

Parameter

Pressure
Test Cell
Test Cell
Test Cell
Thrust Chamber
Thrust Chamber
Gas Generator Chamber

Augmented Spark igniter Fuel
Injection

Main Fucl Injection

Main Fuel Injection

Gas Generator Fuel Injection
Gas Generator Fuel Injection
Fuel Jacket Inlet Manifold

Fuel Tapoff Orifice Outlet

Fuel Pump Balance Piston Cavity
Fuel Pump Discharge

Fuel Pump Discharge

Fuel Pump Inlet

Fuel Pump Inlet

Fuel Pump inlet

Fuel Pump Interstage

Fuel Recirculation Pump Outlet
Fuel Recarculation Pump Return
Fuel Start Tank

Fuel Start Tank

Fuel Tank Ullage

Fuel Tank Repressurization Line
Nozzle Inlet

Fuel Tank Repressurization Line
Nozzle Throat

Pneumatic Control Module Outlet

Oxidizer Recirculation Pump
Purge

Helium Tank

Helium Tank

Helium Regulator Outlet
Oxldizer Bootstrap Conditiomng

Gaa Generator Oxadizer Bleed
Valve

Main Oxidizer Injection
Main Oxidizer Injection
Gas Generator Oxidizer Injection

Tap

CG1
CQlA
GG1A

CF2
CF2A
GF4
GF4
CF1
HF2
PF5
PF3
PF2

PFé

TF1
TF1

NN1
NN1
NN2

GO2
co3

GOs

Range

psia
0t00.5

0to 1.0
0to5.0
0 to 1000
0 to 1000
0to 1000

0 to 1000
0to 1000
0 to 1000
0 to 1000
0 to 1000
0 to 2000
0 to 1000
0 to 1000
0 t0 1500
0 to 1500
0 to 100
0to 200
0 to 200
0 to 200
0to 80
0to 50
0to 1500
0 to 1500
0to 100

0to 1000

0 to 1000
0to 750

0to 150
0 to 3500
0 to 3500
0 to 750
0to 50

0 to 2000
0to 1000
0 to 1000
0 to 1000
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AEDC
Code

POJGG-2
POPBC-1A
POPD-1P
POPD-2
POPI-1
POP1-2
POPI-3
POPSC-1A

PORPO
PORPR

POTI-1A
POTO-1A
POUT
POVCC

POVI
POVL

PPUVI-13
PPULVO-1A

PTCFJP

PTPP

NFP-1P
NFRP
NOP-1P
NORP

TA1
TA2
TA3
TA4
TAIP-14
I'BHR-1

TBHR-2

TB5C
TCLC

TABLE [11-1 (Continued)

Pressare
Gas Generator Oxidizer Injeetion
Oxiéizer Pumg Bearing Coolant
Oxie1zer Pumz Discharge
Oxidizcr Pump Discharge
Oxidizer Pump Inlct
Oxidizer Pump Inlet
Oxldizer Pump Inlet

Oxidizer Pump Primary Seal
Cavizy

Oxadizer Reeirculation Pump
Outlet

Oxicizer Ree:rculution Pump
Rerern

Oxidizer Turbine Inlet
Oxldizer Furbine Qutlet
Oxidizer Tang Ul.age

Main Oxidizer Vulve Closing
Control

Oxiawzer Tark Repressurizaizon
Liac Nozz.e [alcl

Oxio1zer Tank Repressurization
Line Nozzle Throat

Propel.art Uziazction Val-c Inle:

Propellant Usiization Valve
Qutlet

Thrust Chamber Fuc. Jacke:
Purge

Turbopump and Gas Generator
Purge

Speeds
Fuel Pump
Fuel Hecireulation Pump
Oxidizer Pump
Ouidizer Heclrculaiien Pume.
Lemperatures
Tcst Cell (North)
Tust Cels {Eas:)
Test Cell (South)
Test Cell {West)
Auxahary Instrarment Package

Helwm Reguiator Body (North
Side)

Heham Regulator Body (Soutk
Side}

Oxidizer Bootstrap Conditioning

Main Oxldizer Valve Closing
Contral Lire Conditioring

Tap
No,

GOa
PO7
PO3
PO2

PO4A

TG3
TG4

POb

PO9

PV

FOV

Range

0to 1000
0 to 500
0 to 1500
0 Lo 1500
0 to 100
0 to 200
0 to 100

00 30
0to 115

Jto 100
0 to 200
0 to 100

0t 130
0 to 500
0 zo0 1000

0 to 1000
0 to 1000

0 to 500
010 100

0 to 250
Irpra
0 to 30, 000
0 to 15, 000
Ntc 12,000
0 to 15, 9C0
o
=50 10 +800
-E0 10 1800
-50 to 1800
-50 Lo 4800
=420 te ~292

-100 to 450

=100 10 430
=350 10 +150

=325 to 4200
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AEDC
Coce

TECP-IP
TFASIJ

TFBV-1A
TFJ-1P
TFPD-1P
TFPD-2
TFPDD
TFP1-1
TFPI-2
TFRPO
TFRPR

TFRT-1
TFRT-2
TeST-1P
TFST-2
TFTD-1
TFTD-iR

[FTD-2
TFTD-3
TFTD-3R
TFTD-4
TFTD-4R
TFTD-§
TFTD-6
TFTD-7
TFTD-8
TFT1-1P
TFTO
TGGO-1A
THET-1P
TMOVC

TOBS-1
TOBS-2
TOBS-2A
TOBS-2B
TOBS-3
TOBS-4
TOBS-5
TOBSC1

TOBSCO

TOBV-1A

Parameter

Tempersturca
Electrical Controls Package

Augmenteo Spar« Igniter Fuel
Injection

Fuel Bleed Valve

Main Fuel 1njectlon

Fuel Pump Discharge

Fucl Pump Diacharge

Fucl Pump Discharge Duct

Fuel Pumo Inlet

Fue. Pump Inlet
Fucl Recirculation Pump Outlet

Fuel Recirculation Pump
Return Lilre

Fuel Tank

Fuel Tank

Fucl Start Tank

Fuel Start Tank

Fuel Turbine Disckarge Duct

Fuel Turbine Dlscharge
Collector

Fuel Turbine Discharge Duct
Fucl Turbine Discharge Duct
Fuel Turbine Discharge Line
Fuel Turbine Discharge Duct
Fucl Turbinec Discharge Line
Fuel Turblne Discharge Duct
Fucl Turblnc Dascharge Duct
Fuel Turbine Discharge Duct
Fuel Turbire Diacharge Duct
Fuel Turbine Irlet

Fuel Turblne Outlet

Gas Generator Oatlet

Helium Tank

Man Oxidizer Valve Actuator
Conditioring

Oxio1zer Bootatrap Lanc
Oxidizer Bootstrap Linc
Ox1012cr Bootatrap Lane
Oxidizer Bootatrap Line
Oxldizcr Bootstrsp Lane
Oxidizer Bootstrap Linc

Ox1dazer Boolatrap Line

Oxidizer Bootstrap Conditioning

Inlet

Oxidizer Bootstrap Conditioning

Outlet

Ozxidizer Blced Valve

TABLE Ill-1 (Continved)

AEDC-TR-68-101

Tap Micro- Magnetic Oscillo- Strlp X-Y
No. Range SADIC Cnart Plotter
°F
NST1A =300 to +200 x x
1FT1 -425 to +100 x
GFT1 -425 to -373 x
CFT2 -425 to +250 x
PFT1 -425 to ~400 x
PFT1 -425 to -400 x
-320 to +300 X
-425 to -400 x x
-425 to -408 x x
=425 to -410 x
-425 to -250 x
-425 to -410 x
-425 to -410 x
TFT1 -350to ~100 x
TFT1 =350 to +100 H X
-200 to +800 x
-200 to +300 x
-200 0 +1000 x x
=200 to ~1000 x x
-200 to +900 X
=200 to 41000 x
-200 to +500 X
-200 to +1400 x
=200 %o +1400 x
-200 to +1400 X
=200 to +1400 x x
TFT1 0 :0 1800 x
TFT2 0 to 1800 .
GGT1 0 to 1800 x
NNTI -3560 0 +100 X X
-325 to +200 x
=300 to +250 x
-300 to +250 x
-200 to +250 x
-300 to +250 x
-300 0 +250 X
-300to +250 x
-300 to +250 X
0to 300 X
0to 100 x
GOT2 -300 to -250 x
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AZDC
Code

TOPB-1A
TOPD-1P
TOPD-2
TOPDS
TOPI-1
TOPI-2
TORPO

TORFPR

TORT-1
TORT-3
TOTI-{P
TOTO-1P
TOVL

TPIP-1P
TPFC
Tsc2-1
T5C2-2
TSC2-3
TSC2-4
TSC2-5
TSC2-8
TSC2-7
TSC2-8
TSC2-9
TSC2-10
TSC2-1L
TSC2-12
TSC2-13
TSC2-14
TSC2-15
TSC2-18
TSC2-17
TSC2-18
TSC2-19
TSC2-20
TSC2-21
TsC2-22
TSC2-23
TSC2-24
TSOVAL-1

TABLE lll-1 (Continued)

Tap
Parameter _No.
Temperatures
Oxisizer Pump Bearing Coolant POT4
Oxidizer Pump Discharge POT3
Ox:dizer Pump Discharge POT4
Oxidizer Pump Ischaz ge Sk'n
Oxidizer Pump Inlet
Oxadizer Pump Inlet
Oxidizer Recirculation Pump
Qutlet
Oxig:zer Reeirsuiasien Pumg
Reiurn
Oxidizer Tank
Ox:dizer Tank
Oxidizer Turbine Inict TGT3
Oxidizer Turbine Outlet TGCT4

Oxicaazer Tank Repressumzation
Line Nozzle Throat

Primary Instrument Package
Pasumastic Package Coraltioning
‘hrust Chamber 3kin
Tkrust Chamber Skin
Tkrust Chemocer Skin
Thiust Chamber Skin
I'hrost Chamber $kin
Thrust Chamber Skin
Thrust Chamber Skin
T.arust Ckamzzr S<n
Thrust Chamber Skin
Thrust Chambc: Skin
Th: us: Chambcr Skin
Thrust Chamber Skin
Thrust Chan.ber Skir.
Thrust Caambcer Skir
Thrust Chamber Skin
TLrust Chcmoer Skin
Thiust Chambca Skin
Thrust Chamber Skin
Thrust Chamber Skin
Thrust Chamber Skin
Thrust Chamber Skin
Tarust Chamber S<in
Thrust Chamber Skin
Thrus: Chamber Skin

Oxidizcr Valve Closing Control
Line

Range
°F
-300 10 -250
-300 to -250
-300 =0 -250
-300 to -100
-310 to -270
-310 to -233

-300 to -250

-300:0 -140
-300 to -287
=402 te -237
0to 1200
0to 1000

-300 to +100
-300 to 4200
-325 to +200
-350 to +500
-350 to ~500
-350 10 550
-350 to 4500
-350 to 4500
-350 to +500
-350 to +500
-350 to +500
-350 to +500
=350 to ~500
-350 10 4500
-350 to 4500
=350 ro +500
-350 10 1500
-350 to +500
-350 to 4500
-350 to +500
-350 to +500
-350 o 1330
-350 to +300
-350 to +500
-350 =0 +500
-350 to +500
-350 to 4500

-200 to +100
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AEDC
Code

TSOVC-1
TSOVC-2

TSTC
TSTDVCC

TSTDVOC
TTC-1P

TTCEP-1
TXOC

UFPR
UOPR
UTCD-1
UTCD-2
UTCD-3
vivsC
r2vsc

vCB

VIB
VIDA
VPUTEP

Parameter

Temperaturea
Oxldlzer Valve Actuator Cap

Oxidizer Vaive Actuator Fliter
Flange

Start Tank Conditlonlng

Start Tank Discharge Valve
Closlng Control Port

Start Tank Discharge Valve
Openlng Control Port

Thrust Chamber Jacket
(Control)

Thrust Chamber Exit
Crossover Puct Condltioning

Vibrations

Fuel Pump Radlai 80 deg.
Oxidizer Pump Radial $0 deg
Thrust Chamber Dome
Thrust Chamber Dome
Thrust Chamber Dome

No. 1 Vibration Safety Counts
No. 2 Vibratlon Safety Counts

Voltage
Control Bus
Ignltlon Bus
Ignition Detect Amplifier

Propellant Utilization Valve
Excitation

TABLE I1l-1 (Concluded)

Tap
No.

Range
F

-325 to +150

=325 to +150
=350 to +150

=350 to +100
=350 to +100

-425 to +500
-425 to +500
-325 to +200

£
+200
200
1500
1500
+500
On/Oftt
On/Ott

Volts

0 to 36
0to 38
9to 18

Oto §
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L TSTDVOC
\ /

R,

Four-Way Valve

d. Start Tank Discharge Valve
Fig. lll.1 Continued
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APPENDIX IY
METHODS OF CALCULATIONS
(MAIN OXIDIZER YALVE TORQUE)

TABLE IV.1
DATA INPUTS
Item Parameter! !
No.
1 Oxidizer Pump Discharge Pressure (POPD-2)
2(2) Thrust Chamber (Injector Face) Pressure (PC-3)
3 Helium Regulator Outlet Pressure (PHRO-1A)
4 Main Oxidizer Valve Closing Control Pressure (POVCC)

(I)Refer to Appendix III for parameter locations.

(Z)Thrust chamber pressure is used instead of oxidizer injector
pressure because of its better transient response character-
istics.

-Hydraulic Torque

The torque attributable to valve geometry and pressure drop across
the valve which tends to open or close the valve. Using POPD minus PC,
the engine manufacturer computes hydraulic torque as

Hydraulic Torque = 0. 769 (POPD-PC) in. -lbf at the 14-deg position.
When the valve is at the 14-deg position, the torque acts in the
closing direction.

Pneumatic Torque

The valve is opened (ramped) from the 14-deg position by applica-
tion of regulated 400-psia opening pressure (PHRO-1A) and controlled
venting of closing control pressure (POVCC) through an orifice to am-
bient (vent port check valve cracking pressure).

Pneumatic Torque = L [(9. 0 x PHRO-14) - (9. 797 x POVCC)

- 100 - X(K)] in. -lbg

where L = Actuator moment arm

1. 250 (sin 45 deg + 0)

i
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(9. 0 x PHRO-1A) = Opening Control Pressure-Area Term
(9.797 x POVCC) = Closing Control Pressure-Area Term

100 = Actuator Spring Pre-Load Compression
Force (set on assembly)

X = Actuator Spring Deflection

= 0.8839 - 1. 25 cos (45 deg + 6)
K = Actuator Spring Deflection

= 38. 7 lbg/in.
0 = Valve Angular Position, deg

Net Opening Torque

Summation of torques acting on the valve must equal or just exceed
the torque caused by friction for the valve to begin second-stage move-
ment,

Net Opening Torque = Pneumatic Torque - Hydraulic Torque
> Frictional Torque
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APPENDIX V
METHODS OF CALCULATIONS
(PERFORMANCE PROGRAM NORMALIZED DATA)

TABLE V-1
PERFORMANCE PROGRAM DATA INPUTS

II\?;I.I Parameter
1 Thrust Chamber (Injector Face) Pressure, psia
2 Thrust Chamber Fuel and Oxidizer Injection Pressures,
psia .
' 3 Thrust Chamber Fuel Injection Temperature, °F
.4 Fuel and Oxidizer Flowmeter Speeds, Hz
5 Fuel and Oxidizer Engine Inlet Pressures, psia
6 Fuel and Oxidizer Pump Discharge Pressures, psia
7 Fuel and Oxidizer Engine Inlet Temperatures, °F
8 .Fuel and Oxidizer (Main Valves) Temperatures, °F °
9 Propellant Utilization Valve Center Tap Voltage, volts
10 Propellant Utilization Valve i:’ositi'on, volis
11 Fuel and Oxidizer Pump Speeds, rpm
12 Gas Generator Chamber Pressure, psia
13 Gas Generator (Bootstrap Line at Bleed Valve)
Temperature, °F
14 Fuel* and Oxidizer Turbine Inlet Pressure, psia
15 Oxidizer Turbine Discharge Pressure, psia
16 Fuel and Oxidizer Turbine Inlet Temperature, °F
17 Oxidizer Turbine Discharge Temperature, °F

*At AEDC, fuel turbine inlet pressure is estimated from

gas generator chamber pressure.
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Q W >
#

H" mONZEF DO

TC*

T O3 R ™ N

SUBSCRIPTS

A
AA

NOMENCLATURE

Area, in,2

Horsepower, hp

Characteristic velocity, ft/sec

Specific heat at constant pressure, Btu/lb/°F
Diameter, in.

Head, ft

Enthalpy, Btu/lbp,
Molecular weight

Speed, rpm

Pressure, psia

Flow rate, gpm
Resistance, sec2/ft3-in.2

Mixture ratio

Temperature, °F

Theoretical characteristic velocity, ft/sec
Weight flow, lb/sec

Pressure drop, psi

Ratio

Ratio of specific heats

Efficiency

Valve position, deg

‘Density, 1b/ft3

Ambient
Ambient at thrust chamber exit

Bypass nozzle
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BIR
BNI

CF
cO
cv

EF
EM
EO
EV

em

FIT
FM
FY

GF
GO
Hi
HiR
H2R
IF
IO
ITF
ITO

NB

Bypass nozzle inlet (Rankine)
Bypass nozzle inlet (total)
Thrust chamber

Thrust chamber, ‘fuel
Thrust chamber, oxidizer
Thrust chamber, vacuum
Engine

Engine fuel

Engine measured

Engine oxidizer

Engine, vacuum

Exit

Exit measured

Thrust

Fuel turbine inlet

Fuel measured

Thrust, vacuum

Fuel

Gas generator

Gas generator fuel

Gas generator oxidizer

Hot gas duct No. 1

Hot gas duct No. 1 (Rankine)
Hot gas duct No. 2 (Rankine)
Inlet fuel

Inlet oxidizer

Isentropic turbine fuel
Isentropic turbine oxidizer
Nozzle

Bypass nozzle (throat)
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NV

oC
OF
OFIS
OM
00
PF
PO
PUVO
RNC
SC
SCV
SE
SEV

TEF
TEFS
TF
TIF
TIFM
TIFS
TIO

o+

XF
X0

Nozzle, vacuum

Oxidizer

Oxidizer pump calculated
Outlet fuel pump

Outlet fuel pump isentropic
Oxidizer measured

Oxidizer outlet

Pump fuel

Pump oxidizer

Propellant utilization valve oxidizer
Ratio bypass nozzle, critical
Specific, thrust chamber
Specific thrust chamber, vacuum
Specific, engine

Specific, engine vacuum
Total

Turbine oxidizer

Turbine exit fuel

Turbine exit fuel (static)

Fuel turbine

Turbine inlet fuel (total)
Turbine inlet, fuel, measured
Turbine inlet fuel isentropic
Turbine inlet oxidizer

Throat

Vacuum

Valve

Fuel tank repressurant

Oxidizer tank repressurant
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PERFORMANCE PROGRAM EQUATION'S

MIXTURE RATIO
Engine

"B~ Vor

Weo = Wom - Wxo
Wer = WM - Wxr
Wg = Wgo + WgF

Thrust Chamber
rC = :,LCOF
Wco = Wom - Wxo - Weo
Wcr = Wry - WXF - WGF
Wxo = 0.8 Ib/sec
Wxr = 1.8 lb/sec
¥co = W - Wer

¥t
WCF T l+reg
Wr _ EriF Arir Ko
TC*T(F
K, = 32.174

Wc = Wco + Wcr

CHARACTERISTIC YELOCITY

Thrust Chamber

C* = K7 Pc Ay
c
K; = 32.174
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DEVELOPED PUMP HEAD

Flows are normalized by using the following inlet pressures, tem-
peratures, and densities.

Pio = 39 psia
PiF = 30 psia
Pio = 70,79 1b/ft®
PIF = 4.40 lb/ft’

Tio = -295.212°F
TiF = ~422.547°F

Oxidizer
P P
Ho = K, (Fo0 _ _tg)
0 4 (Poo P10
K, = 144
p = National Bureau of Standards Values f (P,T)
Fuel

H¢ = 778.16 AhoFIs
Ahoris = horis - hiF

horis = #(P,T)
hirp = HP,T)

PUMP EFFICIENCIES

Fuel, Isentropic

horis — hiF

M = Thor - biF

hor = f(Por, Tor)
Oxidizer, Isentropic
10 = Moc Yo

2
= K40 (%Poo) + Kso (%‘—Pg+ Kso

Ko = 5.0526
Ksp = 3.8611
Ke¢o = 0.0733
Yo = 1.000

-3

(=]

(9]
1
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TURBINES

R PR

1To =

Bro

Oxidizer, Efficiency

Bto
Bito

¥po Ho
Kg __ﬂo

0.001818

Wom + Wpyvo

pruvo POO
Ry

A + B (Poo)
-1597
2.3828

> 1010 Set Poo = 1010

GPT..'VO

Ay + By (6pyvo) + C(6pyvo)® + D, (e)

fruvo fpyvg |2
- —
E, 6prvo) (e) + Fy |(e) ?

5.5659 x 10!
1.4997 x 1072
7.9413 x 1076
1.2343

~7.2554 x 1072
5.0691 x 10~2

Fuel, Efficiency

TF
BiTF
Ahg
Brr
WpPF
Ko
Ks

BT
BiTF

KIO Ahf WT

hTiF - hTgF

Wpr H
Bpr = Kj (ﬂ;“—i-)

WeMm
1.4148
0.001818
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Oxidizer, Developed Horsepower

BTO = BPO + KSG

Ks Wpo Ho

Bpo o

Ksg = =15

Fuel, Developed Horsepower
BTF = BPF

w H

Wpr = WrM

Fuel, Weight Flow

Wrp = Wt
Oxidizer Weight Flow

¥To = WT - WB

2 YHz-1
2K . YH2 Yuz
We = | ——2 (Paye) 1 - (Pang)
YHe-1
Prnc = f (BNB: Yno)
DnB
BNB = Ds

YH2: Mu2 = {(TH2R, RG)
AnNB = K;3 Dyp
Ky3 = 0.7854
TR = Trio + 460

PeNI = PTEFS

Prers = Iteration of PTEF

AnB Ppnr

(RHZTB”[)K

2
w T
P =P 1 - K T H2R
TEF TEFS [ ¢ | Prers Dizgr Mps

K, = 38.8983
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GAS GENERATOR

Mixture Ratio

r¢c = D, (Ty)® + C, (Typ? + B, (Tuy) + A,
A, = 0.2575
B, = 5.586 x 107

C, = -5.332 x 10°°
D, = L1312 x 107!}

Tu1 = TTIFM

Flows
TC*rir = D, (THD® + C, (Tu1)? + B, (Tuy) - A,

A, = 4,4226 x 10°

32 = 3.2267
C2 = -1.3790 x 10~3
D, = 2.6212 x 10~7
YH1
YH1-1

2
w T Y, —!
P1ir = Prirs |1 + Ka > T : H1R H)
TIFS D%rir M YH1

Ky

38.8983

Note: Pryr is determined by iteration.
Tair = TTIF

Mui, YH1, Cps cH1 = £ (THIR, 1)
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